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INTRODUCTION 
Alfalfa (Medlcago satlva L.) is used as a principal 
forage crop within the state because of its high yielding 
capacity, drought resistance and excellent feeding value. 
Its popularity is noted in an Iowa Farm Census publication of 
1966 which indicates the alfalfa production on 2.19 million 
acres to be 20.9% of the 10,5 million acres devoted to 
pasture and forages within the state. Alfalfa and alfalfa-
gracs mixtures constitute 74^ of the acreage harvested for 
hay. 
Birdsfoot trefoil (Lotus corniculatus L.) is a relative 
newcomer to the Midwest with the first known seeding in 
Iowa made in 1938. This species Is a more versatile forage 
plant than Is alfalfa because of a more prostrate type of 
growth, greater adaptation to a wider range of soil types, 
natural re-seeding for longevity of stands, and lack of a 
bloat hazard. It is a more resistant forage legume to regular 
and close defoliation which makes it an Ideal legume for 
continuous grazing situations. 
An alfalfa-grass combination is a more adaptable forage 
combination for grazing than is alfalfa alone. Important 
attributes of an alfalfa-grass mixture are In the reduction 
of the bloat hazard associated with grazing of pure alfalfa 
stands as well as the Improvement In quality of the forage 
brought about by the Increase in protein content of the 
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mixture. It has often been noted, that alfalfa-grass combina­
tions are more productive than either component when grown 
in pure stands and the forage produced is better distributed 
throughout the growing season. 
Nitrogen (N)-fixing bacteria (Rhizobium spp») have long 
been known to be responsible for the supply of nitrogen to 
the legume and, also, in many cases to the grass companion. 
However, this source of N is often inadequate for intensive 
forage production, especially when stands have been weakened 
by age or winter-killing. In many cases additional N is 
needed to increase the total herbage produced. In practice, 
additions of N are often made later in the season to the grass 
component. Due to the moderating costs of N, it could be 
used in obtaining maximum yields of legumes when grown in 
pure stands if deemed worthwhile. 
The objective of the study reported herein was to de­
termine the effects of N fertilization, especially one appli­
cation applied at the lower rates early in the spring, on the 
dry matter production, botanical composition, percent crude 
protein, and protein yields under various situations. The 
experiments undertaken were: 
EXPERIMENT I (N on alfalfa) - Alfalfa grown in pure stand was 
treated with two sources of N applied at five 
levels, with applications made at two soil 
temperatures. 
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EXPERIMENT II (N on birdsfoot trefoil) - Birdsfoot trefoil 
grown in pure stand was treated with seven 
levels of N. 
EXPERIMENT III (N on alfalfa-smooth brome) - A mixture of 
alfalfa-smooth brome (Bromus Inermls Leyss.), 
seeded at four levels of alfalfa, was treated 
with five levels of N applied at two soil 
temperatures. 
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REVIEW OF LITERATURE 
Studies concerning application of N fertilizers to legume 
and legume-grass swards have been conducted with variable re­
sponses, The time of application has varied from early to 
late spring or fall applications or with split applications 
throughout the season. An important question arises as to 
whether the time of the spring application is important. The 
influence of harvest management on effects of N are evident. 
Effects of Time and Frequency of Harvests 
on Yield and Botanical Composition 
Dotzenko and Ahlgren (1950) reported higher yields of 
the alfalfa component and total herbage when the swards were 
cut at the more mature stages as 1/10, 1/2, full bloom, and pod 
stage. Time of harvest had little effect on the smooth brome 
component. In all cases studied, they found the alfalfa com­
ponent to be less than 50^ of the herbage. Brown and Munsell 
(19^2) also recommended that the first cut be made when the 
alfalfa component of the sward had. reached 1/10- to 1/4-bloom 
and that the second cut be made when the alfalfa was in full 
bloom. Likewise, in a 2-year study, Ellington (1964) ob­
tained the highest yields when the pure alfalfa stands were 
harvested at the 1/2-bloom stage. 
Midgley (1950) noted that birdsfoot trefoil continues to 
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grow and send out new leaves from the terminal branches as 
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maturity Increases. This makes it a better-suited legume 
for late cutting hay than are the other legumes. However, 
he did state that the full bloom stage was the ideal time 
for harvesting the legume. Aldrich (195^) supports this study 
with data collected in his work with birdsfoot trefoil. His 
results indicate that the best time for cutting the legume 
for hay was when it was near full bloom, Hughes et al. (I962) 
also report that birdsfoot trefoil retains palatability even 
though harvests may be delayed until later dates. 
Smith and Nelson (196?) reported that greater yields of 
birdsfoot trefoil could be obtained with three harvests as 
compared to four, five, or six harvests per season. The 
greater yield being obtained at the lower residual stubble 
heights of 2.5 and 7.6 cm, rather than at a 15.2-cm height. 
Their data also indicate that more protein was produced in the 
first year of harvest at the lower stubble heights and with 
fewer harvests per season. However, the greater protein yield 
in the second harvest season was obtained at the greater re­
sidual stubble height of 15.2 cm, at both three and four 
harvests per season. Variable responses were noted in the 
studies with alfalfa plants, where the greater protein yield 
was obtained during the first harvest at the low stubble 
heights and at four and five harvests. During the second 
season, the greater yield was obtained at the three harvests 
and at all stubble heights. 
Results of studies conducted, by Pierre and Jackobs (1953) 
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Indicate that the highest percentage of birdsfoot trefoil 
is maintained with harvests made when plants are in full 
bloom. Satisfactory stands of 44 to 59^ birdsfoot trefoil 
were maintained, except when the plants were harvested at 
maturity. When harvested at maturity the herbage contained 
only 37^ birdsfoot trefoil. When the plants were harvested 
to a residual stubble height of 1 inch, the greater yields 
were obtained when plants were in full bloom, rather than at 
the 1/10- or pre-bloom stages. Duell and Gausman (1957), 
however, report that the best yields of birdsfoot trefoil 
would be obtained when the plants are harvested at the 1/10-
bloom stage and to a 1-inch residual stubble height. Greater 
yields were obtained than when harvests were made at the pre-
or full-bloom stages. 
Effects of Fertilizer Nitrogen 
Modulation and, nitrogen fixation 
Various results have been obtained in studies conducted 
concerning the effects of fertilizer N on the nodulation of 
leguminous plants and the N-fixation process. Pot experiments 
conducted by Thornton and Nicol (1934a)using sodium nitrate in 
pre-plant applications as the form of N caused an initial de­
crease in the number of nodules. This was especially true of 
the larger applications of N on the alfalfa plants. The nodule 
numbers were not significantly different from the control by 
July of the study, and by the end of the experiments, nodule 
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numbers for the higher rates of applied N had become greater 
than those for the control. There was no explanation made of 
this effect on nodule numbers, 
Albrecht (1920), working with cowpeas, discovered that 
at the highest rate of applied N, as much N fixation would be 
expected to occur as in soils supplied with no N. Results of 
his studies indicate that total N variations in the soil fail 
to exert any influence on the amount of N fixed by the cowpeas. 
Results of studies by Strowd (1920) do not support the data 
presented by Albrecht. He reported that nitrate-N added to 
the soil would retard nodulation and, if present in the soil 
in sufficiently large quantities, would completely inhibit the 
nodulation process of the soybean plant. These two studies ( 
tend to suggest a species difference in the ability to fix N 
when the soil is supplied with fertilizer N. 
McKee (1962a) reported that the best nodulation of 
birdsfoot trefoil plants would occur on soils with a pH of 
6.2 to 6.9, although some nodulation would occur at pH extremes 
of 4.4 and 7«S» When additional fertilizer N or relatively 
high quantities of organic matter were added to soils, nodula­
tion was not prevented; however, there was a tendency for these 
treatments to reduce or inhibit the increase in size of the 
nodules and the numbers of nodules. It was noted by McKee 
that under the more unfavorable conditions for plant growth 
such as infertile, acid, soils, moisture stress, and with shad­
ing of the seedlings, birdsfoot trefoil would have to depend 
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entirely upon the available N of the soil for the entire 
first year of growth. He indicated, that nodulation was ob­
served within 3 to 4 weeks on a well-watered, fertile soil 
that did not suffer from shading (competition). 
Similarly, Thornton and Micol (1936), working with al­
falfa, reported that they found a greater reduction in the 
total volume of bacterial mass, rather than in numbers of 
nodules. This reduction was especially apparent at the lower 
rate of nitrate-N application of 1 gm per pot. This rate of 
added N was without effect on nodule numbers, but tended to 
halve the bacterial mass present. They noted that there 
appeared to be two mechanisms or problems involved, in the in­
hibition procesces. The first is an influence of the added 
N (nitrate) on the infection of the root hairs by the rhizobia; 
and secondly, an influence of the added N (nitrate) upon the 
growth of the nodule. 
In 1916, Fred and Graul reported that profuse nodulation 
of the alfalfa and vetch plants would occur if they were grown 
in the presence of the proper bacteria. In the presence of 
large quantities of soluble N, this vigorous nodulation was 
reduced, with a varietal difference noted whereby the reduc­
tion wns greater for the vetch plants than for the alfalfa. 
The reduction in nodulation was reported to be a relative 
reduction as the absolute mass of roots had increased with the 
addition of N. There appeared, to be an actual stimulation of 
the N fixation process at the smaller additions of applied N. 
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This stimulation was explained as an effect brought about by 
the narrowing of the carbohydrate :N ratio within the plants 
which actually were suffering from excessive carbohydrate 
buildup during periods of N deficiencies or hunger early in 
the growing season. 
In studies of birdsfoot trefoil conducted by Smith (1955)» 
the lower limit of soil temperature at which nodulation would 
occur was found to be between ^5° and 50°F. From this data 
Smith (1955) concluded that it is possible for the nodulation 
process to be inhibited in New York state by the lower soil 
temperatures in all the growing season months except June, 
July, August, and September. Due to this inhibition of the 
nodulation process in early spring, he advocates small applica­
tions of fertilizer N to be applied to the birdsfoot trefoil 
seedlings to aid their establishment. This data is supported 
by that of Giobel (1926) who reported that nodulation and the 
establishment of the N-fixation process would proceed best in 
plants that are well supplied with combined N during the early 
stages of growth. This effect appears to be connected to the 
initial growth and development of the root system of the plant. 
Likewise, the depressing effect of the applied N (nitrate) on 
the development of the nodule and the N-fixation process appears 
to be connected to the overall nutrition of the plant. The N 
is first used to fill any needs of the plant for N. 
Wilson (1935) postulated that the nodulation process and 
N fixation would occur only when a given carbohydrate: N 
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balance within the individual plant was exceeded. If other 
factors such as N application keeps this ratio below the 
critical value, then fixation will not proceed. However, 
other factors that tend to modify these processes such as 
type of plant, COg concentration and. intensity of light, may 
allow this critical value to be exceeded and the nodulation 
and fixation process proceeds, even though enough fertilizer 
N may be present to meet the needs of the plant. 
Wilson continued, in explanation, that combinations of 
high and low levels of N and. low, medium, and high carbohydrate 
levels within the plant were obtained by restriction of photo­
synthesis. Invasion of the root hair, nodule development, and 
N fixation were restricted in the plants with low carbohydrate-
low M as it was in the low carbohydrate-high N plants. At the 
medium carbohydrate-low N level, there was an Increase in in­
vasion of the root hairs by the bacteria and. the N-flxation 
process was stimulated. At the high carbohydrate-low N levels 
the Invasion of root hairs was favored while the actual devel­
opment of the nodules and. the N-flxation process was somewhat 
Inhibited. However, when the high carbohydrate-high N levels 
were studied they were reported to have Increased invasion of 
root hairs. Nodule development as well as the N-flxation 
process were favored as compared to the low carbohydrate-high 
N level plants. 
Wilson (1935) presented an example describing the above 
situations. A plant grown on soils with a low N content but 
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with other growth factors "being favorable for rapid growth 
may actually have a prolonged N hunger stage. This hunger 
stage could lead to reduced yields. An application of fer­
tilizer N at this point would shorten if not avoid this hunger 
stage, and in this way, an excessive carbohydrate «N balance 
would be prevented and the N-fixation process would proceed 
more rapidly. 
Studies by Tanner and Anderson (1964) support the hy­
pothesis that the combined N exerts its influence on nodule 
inhibition by reducing the external concentration of lAA in 
the rhizosphere. In their studies they found that the rhizobia 
would reduce the added N (nitrate) to nitrite which could cat-
alytically destroy the lAA present, the lAA being important in 
the infection process. Urea and ammonia were also found to 
reduce the infection process, but by some process other than 
conversion to nitrite, as the process did not so severely in­
hibit nodulation as did the nitrite process. 
Production of dry matter and protein 
Legumes Wagner (195^b) reported that when fertilizer 
N was applied to pure Ladino clover stands an actual reduction 
of the crude protein yields was recorded. This lowering of 
the crude protein yields was attributed to a reduction of the 
Ladino clover component due to an increase in the weed com­
ponent, In studies of tall fescue-Ladino clover and. 
orchardgrass-Ladino clover swards the legume components 
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Increased the protein percentages to a point where it was 
equal to the protein percentages of a pure orchardgrass stand 
fertilized at a rate of l60 lb N/A. 
Ellington (1964), in studies with pure alfalfa stands 
fertilized with 0, 25, 50, and 100 lb/A of N, reported the 
N additions caused an increase in only one harvest of the 
nine taken in the field. He noted no effect of fertilizer N 
on the recovery regrowth of the tops or roots. 
In i960, Carter and Foth noted that the effects of N on 
dry matter production decreased with cuttings. They reported 
a small, consistent Increase in the average dry matter pro­
duction from all soils represented with increased rate of N 
applied. Rates from 20 to I60 lb N/A were used In the studies. 
Their general conclusion was that the increase In yield due to 
N applications was not sufficient to make the applications 
profitable on established stands of alfalfa. 
Gavigan and Curran (I962) studied the effect of N ferti­
lization on Lotus in pot cultures in the laboratory. A re­
sponse to fertilizer N that exceeded the response of the best 
Inoculated plants without N additions was noted. At the rate 
of approximately l400 lb/A of potassium nitrate they found 
the best plant-rhlzobla combinations to be about half as good 
as the plants receiving additions of N, 
Gerwlg and Ahlgren (1958) reported an initial benefit of 
25 lb N/A applied in March to an alfalfa sward. In the second 
harvest year there were no significant differences due to N 
13 
applications. The N applications were found to actually be 
detrimental to the yield of alfalfa in the third harvest year. 
In contrast, Davies et al. (i960) stated that fertilizer 
N applied to alfalfa in pure stands would reduce the N content, 
Gerwig and Ahlgren (1958) obtained various results in their 
studies. For the first harvest year significant differences 
at the P = .05 level were obtained for N yield of a pure 
stand of alfalfa fertilized at 50 lb N/A. During the second 
harvest season, the 200 lb/A rate showed significant differ­
ences in N content. However, during the third harvest season 
the N content was not found to be significant at any level of 
N. Carter and Foth (i960) reported that, in some cases, a 
slight Increase in percent protein was evident with the 
greater percentages being observed during the early harvests. 
Legume-grass Many Investigators have reported in­
creased yields of protein due to applications of fertilizer N 
to legume and legume-grass swards. One such study was con­
ducted by Parsons (1958). In this study of an alfalfa-
orchardgrass, alfalfa-smooth brome and alfalfa-timothy swards 
with various N levels up to 100 lb/A, he noted that the protein 
percentage for the alfalfa component remained constant at all 
levels of N. However, an increase in total protein production 
from the swards was noted In the first harvest and increased 
with each of the three mixtures as the N application rates 
increased. 
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Using labeled N (N^^), McAullffe et al. (1958) reported 
a marked increase in the N percentage in the tall fescue-
Ladino clover swards at the first harvest. Fertilizer N had 
been applied at the rates of 25 to 200 lb/A. An increase in 
the N percentage was evident at the higher rates at the second 
harvest and no differences were evident in the third harvest. 
Total N yields were not reduced at any rate of applied N when 
compared to the controls. This was indicative of a substitu­
tion for, rather than an inhibition of, the N-fixation process. 
An alfalfa-Italian ryegrass sward was fertilized with 
sodium nitrate in studies conducted by Thornton and Nicol 
(1934b). It was revealed that when 0.33 gm of sodium nitrate 
was added to each pot, the grass would contain 2 1/2 times as 
much N as was supplied as nitrate. This level was obtained 
following 13 1/2 weeks of growth. At 18 weeks, the plants 
would contain 5 1/2 times as much N. This is compared to the 
control pots where it required 18 weeks of growth before the 
grass contained 2 1/4 times as much N as did the grass of the 
same age, similarly treated in all respects, but grown in the 
absence of alfalfa. At the higher rate of 3 gm of nitrate per 
pot, the grass component contained only slightly more N than 
the amount of nitrate added. Their conclusion was that the 
smaller rates of nitrate tended to encourage early root devel­
opment of the grass component. This increase in root develop­
ment would increase the capacity of the grass for absorbing N 
compounds from the alfalfa plants. 
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Marten et al. (1963) using seven levels of N, 0 to 
120 lb/A and original stand densities of 2 to 12 alfalfa 
plants per square foot in an alfalfa-smooth brome sward 
noted that the crude protein content was not significantly 
affected by N applications. Likewise, Visser and Preller 
(1965) found no significant differences in nitrogen content 
of a grass-legume sward when a rate of I50 lb N/A was applied 
annually. 
Another worker reporting a response in dry matter yields 
due to N fertilization was Alder (195^) who stated that al­
falfa showed little response to applied N, while the actual 
yield was increased in one year and depressed in the next. 
Nitrogen applications were at the rate of 200 to 400 lb/A of 
nitro-chalk. The increase in dry matter yields was greater 
for the spring applications than for the autumn. Cowling 
(1961) studied the effect of fertilizer N applications on an 
orchardgrass-white clover sward. The yields of the mixture 
were greater than for the grass grown alone at the same levels 
of N. Carter and Scholl (1962) report an increase in the 
total dry matter production for a legume-grass sward when 
fertilizer N was applied. • The main growth was found to come 
about by an increase in the growth of the grass component. 
Drysdale (I966) also reports an increase in the total dry 
matter produced for legume-grass swards. 
Contrary to the above data, Visser and. Preller (1965) 
found no significant differences in total dry matter produced 
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when fertilizer N was applied to a grass-legume sward. Shaw 
et al. (1966)1 working with Ladino clover-perennial ryegrass 
swards, cited no positive benefits to the applications of N 
when the herbage was taken as hay, 
A perennial ryegrass-white clover sward was studied by 
Linehan and Lowe (i960). An increase in the total dry matter 
of 27,5^ was noted when 208 lb N/A was applied on a potash (K)-
deficient soil. The white clover percentage was decreased in 
the forage. However, when I66 lb K/A was added to the plots 
along with 208 lb N/A, the yield of dry matter increased by 
128.6^. A much smaller decrease in the white clover percent­
age was noted. Due to the increased dry matter production, 
there was an actual increase in dry matter yield of the white 
clover component. 
In another study, where sheep dung and urine were re­
turned to a clover-grass sward along with 31 lb N/A in March 
and 15 lb in August during the second year of the study. 
Wheeler (1958) reported an increase in dry matter production. 
This increase In total dry matter production actually gave an 
increase in the clover component of the herbage. 
In 1966, McCarrick and Wilson found that N applied to a 
white clover-ryegrass sward tended to increase the total herb­
age dry matter production even at the higher levels of 92 lb 
N/A, with the greater responses occurring at the 46 lb N/A 
rate. 
Lorenz et al. (I96I) used an alfalfa-smooth brome sward 
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and found that the yields of the sward could be doubled by 
applications of 40 lb N/A and. tripled with 80 lb N/A. This 
was under non-irrigated conditions, although they reported 
that for very high yields, both high soil moisture and N 
applications are required. They concluded that the removal 
of alfalfa under a pasture situation would tend to retard 
the growth of the alfalfa component, apparently due to the 
forage removal when the alfalfa was in an immature stage with 
little carbohydrate buildup in the root system, 
Templeton and Taylor (I966), working with a white clover-
tall fescue sward treated with N applications early in the 
spring and later in the growing season, reported that based on 
the total yield of the clover component there were no visible 
reductions at the 30 and 60 lb N/A rate. The March applica­
tion of 120 lb N/A, however, resulted in a reduction of the 
clover yields. 
Legume-grass pastures with depleted stands of legume 
fertilized with low rates of fertilizer N were as productive 
as the all-grass pastures fertilized at the higher rates of 
N (Wedin et al., I965). With original stand densities of 2 
to 12 plants per square foot. Marten et al. (1963) studied the 
effect of seven levels of N, 0 to 120 lb/A. They found that 
the treatments imposed did not significantly affect the dry 
matter production of any alfalfa density treatment. They 
concluded that plant density was a very poor criterion for 
the estimation of the productivity or yielding capacity of an 
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alfalfa-smooth brome pasture. 
In studies of alfalfa-smooth "brome and alfalfa-timothy 
swards, Parsons (1958) found no differences in the total dry 
matter yield of herbage, although N was applied to the swards 
at up to 100 lb/A at one application in late March. In 
another study, using alfalfa-orchardgrass swards, he found a 
marked increase in the total dry matter production when sup­
plied with additional N. 
Other workers that report increases in the protein yields 
from legume-grass swards in the absence of N are Fergus (1935) 
and Bakhius and Kleter (I965). 
Botanical composition 
Varied results have been noted by researchers for effect 
of fertilizer N on the botanical composition. Stern and Don­
ald (1962) reported that added N at the rates of up to 202 lb/A 
on a subterranean clover (Trifolium subterraneum) and ryegrass 
(Lollum rlKldum) sward resulted in a positive increase in the 
grass component of the herbage with a corresponding decrease 
for the clover component. They noted little reduction of the 
clover at the lower rates of N, 22.4 lb/A. Wagner (1954a) also 
reported a reduction in the yield of Ladino clover when grown 
in pure stands. This reduction in the clover component was 
attributed to competition from weeds. 
During the first year of a study of a grass-legume sward. 
Wheeler (1958) found a slight depression in the percentage of 
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clover when 31 lb N/A was added in March and 15 lb in August. 
Upon application of fertilizer N during the second harvest 
year, along with dung and urine from sheep being returned to 
the sward, no differences in the clover percentages were noted, 
Robinson and Sprague (19^7) studied the effect of N 
applications on a white clover-Kentucky bluegrass sward. 
Rates of N were 360 lb N/A in nine applications during the 
first year and 200 lb/A in five applications during the second 
harvest year. There was very little effect of fertilizer N 
noted on the percentages of clover in the forage as long as 
the sward was supplied with adequate moisture through irriga­
tion. During the second harvest season the sward contained an 
estimated 6o^ clover on July l6, whereas the actual analysis 
showed that 'Jk-% of the herbage dry matter was white clover. 
The control plots received no fertilizer N but were handled 
similarly in other respects. These plots yielded 71^ white 
clover by dry weight. 
When 6o lb N/A was applied in April to smooth brome-
Ladino clover and orchardgrass-Ladino clover swards, Sprague 
and Garber (1950) noted a reduction in the percentage of the 
Ladino component. 
Results of a grazing study carried out by Williams (3952) 
show that when white clover is grazed frequently (10 grazings 
per year) at 4 to 5 inches of height, the clover component of 
a mixed sward can be maintained. This is especially true for 
the lower rates of fertilizer N. A reduction in the white 
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clover component was evident under these conditions only 
when 278 lb N/A was applied to the mixed swards. 
Kresge (1964) reported that fertilizer N applications of 
100 lb/A gave reductions of up to ^0% of the legume component 
for red clover-orchardgrass and Ladino clover-orchardgrass 
swards. This reduction was evident when the legume component 
ranged from 30 to 6o% of the visible forage. At the rate of 
50 and 100 lb N/A there were no increases in the weed component 
of a legume-grass sward, as reported by Blaser and Brady (1950). 
Likewise, Varney (1958) reported that the primary Increase in 
the total dry matter production was from the grass component 
for a birdsfoot trefoil-grass sward. Davles et al. (i960) 
fertilized a pure stand of alfalfa with N and found an in­
crease In the unsown grass component at the expense of the 
alfalfa component. Wedin et al. (I965) report legume suppres­
sion with applications of fertilizer N with an Increase In the 
grass component. 
When applications of fertilizer N were applied to a 
white clover-tall fescue sward, at the rates of 0 to 120 lb 
N/A Templeton and Taylor (I966) noted a general deteriorating 
effect on the clover component. This effect was more evident 
if the fertilizer N was applied in the early spring rather 
I 
than applied during the latter part of the growing season. 
However, when'only 30 lb N/A was applied, it did not measurably 
change the percentage of clover in the herbage. This was evi­
dent during the first three harvest years, but did tend to 
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lower the clover percentages when applied in March for the 
second harvest year. 
Liquid manure containing only ammonium-N maintained a 
higher proportion of cover in the sward, than when applications 
of commercial fertilizers with ammonium-N and nitrate-N were 
added (Drysdale, I966) . The response was noted, at all levels 
of N applied. A comparison of ammonla-N at the rate of 87 lb/A 
from the liquid manure and the control was made and it was 
found that the liquid, manure maintained, a higher percentage 
of clover in the dry matter than d.id the control without added. 
N. 
Almost complete suppression of white clover with l4o lb 
N/A applied, was reported by Llnehan and Lowe (i960) . A reduc­
tion of white clover from 6.1^ for the control to 1.2# for the 
N treatment was noted for a K-deficlent soil. When this K de­
ficiency was corrected by addition of I66 lb K/A, the white 
clover was reduced, to only of the mixture. 
Wagner (1954a) also reported reductions in the Ladlno 
clover when grown in pure stands and. fertilized with N. An 
increase In the weed component was noted for the N fertilized, 
plots. 
Carter and Scholl (1962) reported an increase in the grass 
component at the expense of the legume component of a legume-
grass sward when fertilized with N. 
Parsons (1958), working with an alfalfa-orchardgrass 
sward, cited a marked increase in the total dry matter 
22 
production due to added fertilizer N with the major increases 
coining from the orchardgrass component at the expense of the 
alfalfa. In other studies of alfalfa-smooth "brome and 
alfalfa-timothy, there were no differences noted in the botani­
cal composition, although fertilizer N was applied to the mix­
tures at rates of up to 100 lb N/A. These N rates were applied 
to the swards in one application in late March. 
Foth et al. (i960) stated that 60 lb N/A rate applied to 
an alfalfa-smooth brome sward had little or no effect on the 
alfalfa percentage of the herbage. 
When 70 lb N/A was applied in the spring and again later 
in the fall, Williams (1952) was able to maintain a 55% white 
clover component in a grass-white clover sward. This percent­
age for the white clover corresponded to the white clover per­
centages for the control. When split applications of ferti­
lizer N were made through the season only a 30% white clover 
component was maintained in the sward. 
Varney (1958), working with a birdsfoot trefoil-grass 
sward, reported that when fertilizer N was added, to the sward 
at the rate of 20 lb N/A the main increase in total dry matter 
production was primarily from the grass component. 
Fertilizer N applications to a birdsfoot trefoll-
orchardgrass sward significantly decreased the legume compo­
nent in the herbage, while significantly increasing the grass 
component (Castro, I969). Also noted was a significant reduc­
tion in the weed component» which was described as primarily 
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of the annual broadleaf type. 
Pure stands of alfalfa receiving no N were found to 
contain Z% weeds in studies carried out by Ellington (1964). 
Of the N treatments, 25. 50, and 100 lb/A applied in the 
spring or fall, the only two showing more weed content than 
the control were the 25 lb/A fall application and the 100 lb/A 
spring application with all other treatments having weed 
components below the control. It was noted that the 50 lb/A 
fall application of N contained the least weed content. 
Management 
It is likely that management will play an important role, 
if not the most important, in the response noted following 
application of N fertilizer to legume or legume-grass swards. 
This is supported by data from studies conducted by Blackman 
(1938) where he noted that N applications at only 0.6 to O.63 
daylight had less effect on suppression of white clover 
(Trlfolium repens) than when the legume was grown with full 
daylight. He concluded that the clover reduction due to de­
creased light was a direct effect and. not due to competition 
with the grass component. A reduction in the legume component 
due to fertilizer N applications was primarily due to competi­
tion. This competition was linked to the active growth of the 
grass and this growth was greater where the light was not a 
limiting factor on growth. It is likely that small applica­
tions of fertilizer N will have little effect on the clover 
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content of a mixed sward, especially when the herbage is de­
foliated frequently to help control the grass competition. 
In earlier work by Blackman (1936) he had noted that the 
reason for the depression of white clover In the herbage of 
the treated plots was that all plots were defoliated when the 
fertilized plots reached the grazing stage, whereas, the 
control plots were cut at less than grazing stage and this 
was roughly equivalent to hard grazing. This was favorable 
to the white clover component of the sward. On the other 
hand, the harvests were made when the control was ready for 
grazing and this resulted in advanced stages of growth for 
the fertilized plots with a corresponding decrease in the 
clover due to increased competition for light. Working with 
a 4-inch soil temperature, he found that little growth occurred 
below 42°F. A gradual Increase in growth from all plots 
occurred as soil temperatures increased. Results of N appli­
cations of 46.4 and 69.6 lb N/A show that the greater advan­
tage is when the 4-inch soil temperature remains between 42 
and 47°F for long periods of time. After this 47°F tempera-
is reached, growth will proceed at about the same rate for the 
control and treated plots alike. 
This was supported in studies of white clover-annual 
ryegrass swards by Walker et al. (1956). They report the 
greatest response from N applied early, with most differences 
disappearing by the first harvest. Little differences were 
observed due to the form of N applied on the yield of clover 
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tops or roots. 
Green and Cowling (i960) also reported that yield in­
creases from N applications to a legime-grass sward occurred 
mainly during the early stages of growth. They recommend a 
more frequent defoliation schedule when the clover component 
is less accessible to the mower or animals. This should re­
sult in maintenance of a high clover component in the sward. 
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MATERIALS AND METHODS 
Experimental Sites 
The field experiments of this study were conducted at 
the Iowa State University Agronomy-Agricultural Engineering 
Research Center, Boone County, Iowa. The studies were con­
ducted during the growing seasons of I966 to I968. 
The experimental plots were located on soils which ranged 
from a Webster silty clay loam for Experiment I (N on alfalfa) 
to a Nicollet loam with some Nicollet-Clarion occurring in 
replication one for Experiment II (N on birdsfoot trefoil). 
Experiment III (N on alfalfa-smooth brome) was located 
primarily on Nicollet loam with some Webster silty clay loam 
I 
occurring in the edges of replications one and four. All 
areas were tiled and, thus, there were no drainage problems 
\ 
associated with the studies. Each area was fall-plowed and 
adequately tilled prior to seeding. 
Experimental Designs 
Experiment % (N on alfalfa) 
The field design of Experiment I was a completely ran­
domized design replicated four times. The experiment en­
compassed an area 21 by 33 meters (m), with the individual 
plot size measuring 1.5 by 4.6 m. 
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Experiment II (N on birdsfoot trefoil) 
Experiment II was also set up with a completely ran­
domized design with four replications in the field. The 
total area of the experiment measured 21 by 33 m with each 
individual plot measuring 3.1 by 7*6 m. 
Experiment III (N on alfalfa-smooth brome) 
In Experiment III, a split-plot design was used with a 
total experimental area of 33 by 84 m. Each main-plot mea­
sured 10 by 17 m and the sub-plots were 3 by 4.8 m. The 
experiment was replicated four times. 
Treatments 
Experiment % (N on alfalfa) 
Treatments in Experiment I consisted of two sources of 
N at five levels applied, according to soil temperature, to 
the pure stand of alfalfa. The average soil temperature at 
the time of N application was determined with a maximum-
minimum soil thermometer placed at a depth of 15 cm in the 
soil. The thermometers were placed in the border area of 
similar forage type provided around the experimental plots. 
The single spring applications of N were made when the average 
soil temperature reached either 4.4° or 10°C and had remained 
there for a period of three days. 
The N sources were ammonium nitrate and urea applied at 
the rates of 0, 18, 36, 72, and l44 kg/ha of N. The N 
28 
applications were made on March 26 and April 10, I966 and 
on March 27 and May 20, 19^7• 
Experiment II (N. on "birdsfoot trefoil) 
Experiment II consisted of seven levels of N fertilizer 
applied in one application to birdsfoot trefoil after the 
soil temperature at 15 cm had reached 10°C in the spring. 
Ammonium nitrate was the source of N and the levels consisted, 
of 0, 18, 36, 72, 144, 288, and 576 kg/ha of N. The N 
applications were made on May 25, 19^7 and on May 17» 19^8. 
Experiment III (N on alfalfa-smooth brome) 
Experiment III treatments consisted of four rates of 
alfalfa seeding, N application at two soil temperatures, and 
five levels of N fertilization with ammonium nitrate as the 
source of N. The alfalfa seeding rates were 0, 6, 9, and 20 
kg/ha. The two soil temperatures at the time of N application 
were 4.4° and 10°C, and the five levels of N fertilization 
were 0, 30, 60, 120, and 240 kg/ha. The N applications were 
made on March 30 and May 24, 1967 and on March 28 and May 2, 
1968. 
Establishment and Fertilization 
Applications of approximately 17, 67, and 67 kg/ha of 
N, phosphorus (P), and K, respectively, were broadcast on the 
areas seeded for Experiments I and II, while 67 and 112 kg/ha 
of P and K, respectively, were broadcast on the area seeded 
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for Experiment III. 
During the seedling year a combination of 2,4-DB at the 
rate of 1/2 lb/A and Dalapon at the rate of 3 lb/A was applied 
in June when broadleaf weeds were approximately 5 cm high. 
This treatment on Experiments I and II resulted in excellent 
stands of alfalfa and birdsfoot trefoil (Figures 1 and 2). 
An application of 2,4-DB at the rate of 1/2 lb/A was made 
during June to the alfalfa-smooth brome experiment. Excellent 
control of the broadleaf weeds resulted. Malathion was used 
as needed to control leaf hoppers on all experiments, 
A broadcast application of approximately 9 metric tons/ 
ha of agricultural limestone was made in the spring of 1966 
to the alfalfa seedlings in Experiment I in an attempt to 
correct for low soil acidity (pH 6.0) as determined by a soil 
test. 
For Experiments II and III the same amount of agricul­
tural limestone was worked into the soil prior to seeding. 
Soil tests were again used as the basis for the applications. 
Experiment ^  (N on alfalfa) 
The plots were seeded to certified Vernal alfalfa on 
May 9. 196$. A Planet, Jr. was used to seed the plots at a 
row spacing of 20 cm. The seeding rate for the plots was 
11 kg/ha. A high rate of soil fertility was maintained by 
broadcast applications of 13^ and 336 kg/ha of P and K, re­
spectively, In the spring I966. Another broadcast application 
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Figure 1. The experimental site for Experiment I (N on 
alfalfa) prior to the first harvest, June 8, 1966 
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Figure 2. The experimental site for Experiment II (N on 
birdsfoot trefoil) prior to the first harvest, 
June 23, 1967 
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of 70 and 120 kg/ha of P and K, respectively, was made in the 
spring 1967. 
Experiment 11^ (N on birdsfoot trefoil) 
Certified birdsfoot trefoil, Empire variety, was seeded 
in rows 20 cm apart on May 24, I966. A Planet, Jr. was used 
to make the plantings at a rate of 3.6 kg/ha. Fertility of 
the soil was maintained by broadcast applications of 60 and 
180 kg/ha of P and K, respectively, in the fall I967 and 112 
kg/ha of K applied In early spring I968. 
Experiment III (N on alfalfa-smooth brome) 
Using a Planet, Jr. seeder, the plots were seeded on 
May 16, 1966 at the four rates (0, 6, 9, and 20 kg/ha) of 
certified Vernal alfalfa in rows of 20-cm spacings. Lincoln 
smooth brome at the rate of 9 kg/ha along with $4 kg/ha of 
oats had been uniformly seeded over the entire area using a 
grain drill. Additional P and K were broadcast on the plots 
In April 1967 at the rate of 70 and 120 kg/ha, respectively, 
and at the rate of 67 and 202 kg/ha in November I967. Another 
broadcast application of K at the rate of 134 kg/ha was made 
in May I968. The experimental area was clipped with a forage 
chopper on June 22, 1966 to prevent the shading of the alfalfa 
by the oats. Due to a heavy infestation of foxtail (Setarla 
spp.), the plots were clipped again on August I5, I966. The 
excess forage was removed each time. 
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Harvesting and Sampling 
Each spring, prior to initiation of plant growth, the 
dead vegetation was clipped with a rotary mower and removed 
from the experimental areas. The mower was set to leave a 
stubble height of 3 cm. 
A National sickle bar mower was used to harvest plots 
in the three experiments. The mower was set to leave a 
stubble height of approximately 3«8 cm. The time of harvest 
for Experiment I and III was based upon the flowering of the 
alfalfa plants, the forage being removed from all plots as 
soon after first flowering as possible. The birdsfoot trefoil 
in Experiment II was allowed to come into full bloom on a 
majority of the plots prior to harvesting. The harvest area 
within each plot was 8l cm in width and measured 3.7, 6.7, or 
4.0 m in length for the three experiments, respectively, 
A green weight of the herbage produced from these sample 
areas was taken and recorded in the field. A sub-sample of 
approximately 350 to 4^0 g of fresh weight was taken from each 
plot and placed into uniform-weight cloth or paper bags and 
placed into a freezer for hand separations into the component 
parts at a later time. 
Dry Matter Determinations 
Upon separation of the sub-samples into component parts 
the samples were then dried to constant weight with a forced. 
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heated-air dryer. The dry matter yield in kg/ha was calculated 
for each component. The dried samples of the legume and grass 
were then ground through a 60-mesh screen in a Wiley Mill. 
The ground samples were then placed into 60-g glass bottles 
and stored for later use in laboratory analysis of crude 
protein. 
Crude Protein Analysis 
The micro-Kjeldahl method of N determination as de­
scribed by Perrin (1953) was used. Calculation of the per­
centage crude protein was made using the following formula : 
N X 6.25 = # Crude Protein. 
Laboratory procedure 
The following modifications to the procedure were used 
in the analyses. A 1/10-g sample of dried, ground plant 
material was placed into a 100-ml micro-KJeldahl digestion 
flask. To this was added 1/8 teaspoon of catalyst and 3 ml 
of concentrated sulfuric acid. 
The sample was made basic in the distillation apparatus 
by addition of 17.5 ml of concentrated sodium hydroxide con­
taining sodium thio-sulfate. 
The distillate was titrated with a standard 0.01 N-
hydrochloric acid. 
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Cllmatologlcal Information 
Monthly averages of maximum, minimum, and mean tempera­
tures with deviations from the normals are presented in Table 
1. Also in Table 1 are the monthly precipitation totals, 
accumulation, and deviations from the normal for the 3 years 
of the experiment. 
Information for the above data was collected at the old 
Agronomy Farm, Iowa State University, located 3 miles south­
west of Ames, Iowa. Deviations from the normals are based 
on the monthly normals for the period 1931 to i960 for the 
same location. 
During I966, temperature was several degrees below 
normal early in the season, and precipitation was near normal. 
Above normal rainfall occurred in June while higher tempera­
tures and below normal rainfall were evident in July. 
Accumulated precipitation in I966 was 8 cm below normal. 
In 1967. an early warming trend was noted in March and 
April when temperatures averaged up to 5°F above normal. 
During the month of May, a cooling trend was evidenti Below 
normal precipitation occurred early in the season, but the 
5 cm above normal recorded in June brought the moisture situa­
tion into balance. The remainder of the harvest season was 
marked by below normal rainfall and temperature. This below 
normal precipitation for much of the year resulted in a 
5.5-cm total deficit. 
Table 1. Average maximum, minimum, mean monthly temperatures ( F), and devia­
tions from the normal, precipitation totals, accumulation, and devia­
tions from the normal for Ames, Iowa - 1966, I967, and 1968^ 
Climatological factor 
Month Year 
Temperature (°F) Precipitation ( cm) 
Max Mln Avg De V Monthly Acc Dev 
January 1966 21,6 3.9 12.8 -7.2 1.39 1.39 + .31 
1967 32.5 12.8 22.7 + 2.7 1.17 1.17 + .09 
1968 29.0 10.3 19.7 - • 3 .48 .48 — « 60 
February 1966 34.9 14.1 24.5 + .6 .41 1.80 - .57 
1967 33.3 10.1 21.5 -2.4 .10 1.27 - .88 
1968 33.0 11.4 22.2 -1.7 .07 .55 - .91 
March 1966 52.2 28.7 40.5 +6.3 2.25 4.05 + .37 
1967 52.7 26.1 39.4 +5.2 1.58 2.85 - .30 
1968 58.2 29.0 43.6 +9.4 1.37 1.92 - .51 
April 1966 56.0 34.4 45.2 
-3.9 1.07 5.12 -1.52 
1967 63.7 39.3 51.5 +2.4 2.78 5.63 + .19 
1968 65.3 38.4 51.9 +2.8 6.23 8.15 +3.64 
May 1966 70.7 44.0 57.4 -3.1 4.81 9.93 + .53 
1967 70.5 44.2 57.4 -3.1 2.48 8.11 —1 « 80 
1968 70.1 45.0 57.6 -2.9 2.41 10.56 -1.87 
June 1966 80.2 58.0 69.1 -1.1 8.56 18.49 + 3.35 
1967 78.7 58.9 68.8 -1.4 10.21 18.32 +5.00 
1968 83.0 59.3 71.2 +1.0 9.09 19.65 +3.88 
^Sources of cllmatological data explained on page 351 herein. 
Table 1. (Continued) 
Cllmatologlcal factor 
Temperature (°F) Precipitation (cm) 
Month Year Max Mln Avg Dev Monthly Acc Dev 
July 1966 
1967 
1968 
87.6 
82.1 
83.5 
65.5 
58.9 
61.7 
76.6 
70.5 
72.6 
+1.8 
-4.3 
-2.2 
1.28 
1.93 
2.25 
19.77 
20.25 
21.90 
-2.03 
-1.38 
—1.06 
August 1966 
1967 
1968 
81.3 
81.1 
83.3 
56.8 
56.1 
61.1 
69.1 
68.6 
72.2 
-3.6 
-4.1 
- .5 
2.03 
1.45 
3.33 
21.80 
21.70 
25.23 
-1.82 
-2.40 
- .52 
September 1966 
1967 
1968 
74.9 
73.6 
73.9 
48.9 
48.3 
51.3 
61.9 
61.0 
62.6 
-2.4 
-3.3 
-1.7 
.25 
1.53 
4.28 
22.05 
23.23 
29.51 
-3.05 
-1.77 
+ .98 
October 1966 
1967 
1968 
68.1 
62.3 
66.1 
38.8 
39.8 
42.2 
53.5 
51.1 
54.2 
+ .2 
-2.2 
+ .9 
.34 
2.52 
2.93 
22.39 
25.75 
32.44 
-1.66 
+ .52 
+ .93 
November 1966 
1967 
1968 
48.2 
44.8 
42.8 
26.5 
26.5 
26.8 
37.4 
35.7 
34.8 
+ .7 
-1.0 
-1.9 
.25 
.44 
1.31 
22.64 
26.19 
33.75 
-1.37 
-1.18 
- .31 
December 1966 
1967 
1968 
32.8 
36.5 
30.3 
14.4 
18.4 
14.4 
23.6 
27.5 
22.4 
-1.5 
+2.4 
-2.7 
.48 
.48 
1.86 
23.12 
26.67 
35.61 
- .54 
- .54 
+ .84 
Annual 48.7 31.12 
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During 1968, the temperatures were again above normal 
in March and April and below normal in May, July, August, and 
September. The precipitation was generally low in the early 
part of the year, except for April which was 3.6 cm above 
normal. June, as in I966 and 1967, was above normal whereas 
July and August were below normal. The yearly accumulation 
of precipitation, however, was above normal by approximately 
4.5 cm. 
I 
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RESULTS 
The statistical computations of analyses of variance 
and treatment means were carried out by the Iowa State 
University Computation Center, Ames, Iowa. 
The statistical significance Indicated by the asterisks 
In the summaries of analyses of variance are based on F tests 
using the appropriate errors, a or b. The tests were made at 
the P <.05 and P <.01 levels of probability as found In a 
table of F values, Steel and Torrle (i960). 
Experiment I (N on Alfalfa) 
The harvest dates for the Vernal alfalfa experiment were 
June 8, July 14, and August 30, I966; and June 13, July 13, 
and August 28, I96?. 
Dry matter yield 
The total yields of dry matter are presented In Table 2, 
Table 3 contains the analysis of variance summary for total 
dry matter production. 
Differences attributed to temperatures and source of N, 
as well as levels of N, were non-significant. 
The total dry matter yields decreased from an average of 
11056 to 10172 kg/ha in I966 and 196?• respectively. This re­
duction attributable to years was significantly different 
(P<.01). A yield reduction was observed from the first to 
the third harvests for both sources of N and for all levels 
Table 2. Average dry matter yields in kg/ha of Vernal alfalfa under various N treatments^, 
Ames, Iowa - 1966, 1967 
N Harvest s 2 year 
Kg/ha 1966 ; 1967 avg total 
Source applied June 8 July 14 Aug. 30 Total June 13 July 13 Aug. 28 Total yield 
Urea 0 4741 4463 1880 11084 4388 3348 2392 10128 10606 
18 4842 4438 1964 11244 4438 3382 2502 10322 10783 
36 4906 4393 1813 11112 4264 3188 2227 . 9679 10396 
72 4693 4424 1869 10986 4304 3424 2457 10185 10586 
144 4788 4348 1857 10993 4357 3424 2356 10137 10565 
Avg 4794 4413 1877 11084 4350 3353 2387 10090 10587 
Ammonium 0 4763 4396 1913 11072 4130 3525 2353 10008 10540 
nitrate 18 4716 4276 1874 10866 4575 3275 2396 10246 10556 
36 4612 4508 1838 10958 4494 3370 2463 10327 10642 
72 4735 4455 1863 11053 4589 3382 2362 10333 10693 
144 4937 4494 1756 11187 4850 3303 2205 10358 10772 
Avg 4753 4426 1849 11027 4528 3371 2356 10254 10641 
Avg over N levels 4773 4420 1863 11056 4439 3362 2371 10172 10614 
Harvest i avg First Second Third 
4606 3891 2117 
^Averaged over soil temperatures at time of N application. 
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Table 3. Analysis of variance summary for total dry matter 
production, Vernal alfalfa under various N treat­
ments, Ames, Iowa - 1966, 196? 
Source of variation DP Mean squares 
Replications (R) 3 457823 
Temperature (T) 1 320882 
Source (S) 1 38535 
T X S 1 439542 
Level (L) 4 46265 
T X L 4 38950 
S X L 4 104492 
T X S X L 4 51626 
Error (a) 57 196192 
Year (Y) 1 10400865** 
Harvest (H) 2 262772480** 
Y X H 2 24575520** 
T X Y 1 167806 
S X Y 1 162697 
T X S X Y 1 31835 
L X Y 4 44892 
T X L X Y 4 9743 
S X L X Y 4 84934 
T X S X L X y 4 61712 
T X H 2 16769 
S X H 2 95376 
T X S X H 2 67692 
L X H 8 164696 
T X L X H 8 98084 
S X L X H 8 152123 
T X S X L X H 8 62693 
T X Y X H 2 225546 
S X Y X H 2 158795 
T X S X Y X H 2 7221 
L X Y X H 8 41359 
T X L X Y X H 8 14751 
S X L X Y X H 8 98604 
Error (b) 308 78719 
**Indicates F value significance at P <.01. 
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of N application within each year. 
The year x harvest interaction was statistically sig­
nificant (P<.01). In 1966, 4773, 4420, and I863 kg/ha was 
produced, at the first, second, and third harvests, respective­
ly. During I967» this production amounted to only 4439, 3362, 
and 2371 kg/ha. Noted is a greater drop from second to third 
harvest in I966. 
Botanical composition 
The uniformity of stand and lack of weed competition 
In the plots can be observed in Figure 1. Hand separations 
were planned but not carried out due to the lack of weeds 
within the forage at each harvest. Excellent stands of 
alfalfa were evident throughout the studies. 
Percent crude protein 
Treatment averages and analysis of variance summary 
for percent crude protein are presented in Tables 4 and 5» 
respectively. 
An increase in percent crude protein from the first to 
the second harvest year was noted. In.1966, the average was 
19.0^, increasing to 20.4# in 19^7• A decrease was observed 
from the first to the third harvest (20.2 to 19,1#). The 
year x harvest interaction was significant (P<.01). The 
July 13, 1967 harvest analyzed highest in percent crude 
protein over all sources and levels of N. 
Table 4. Average percent crude protein of Vernal alfalfa under various N levels^, Ames, 
Iowa - 1966, 1967 
N Harvests 
1966 1967 
Source applied June 8 July 14 Aug. 30 Avg June 13 July 13 Aug. 28 Avg years 
Urea 0 19.1 17.0 21.2 19.1 21.7 22.3 17.3 20.4 19.8 
18 19.0 16.5 20.7 18.7 21.2 22.8 17.1 20.4 19.6 
36 19.1 17.6 20.4 , 19.0 20.5 23.2 17.2 20.3 19.7 
72 19.2 16.1 20.8 " 18.7 21.7 23.2 16.8 20.6 19.6 
144 19.7 16.3 21.1 19.0 21.2 22.9 17.0 20.4 19.7 
Avg 19.2 16.7 20.8 18.9 21.3 22.9 17.1 20.4 19.7 
Ammonium 0 19.0 17.1 21.4 19.2 21.3 22.9 17.4 20.5 19.8 
nitrate 18 18.6 16.5 21.7 18.9 21.0 23.6 17.4 20.7 19.8 
36 19.4 16.9 21.3 19.2 20.8 23.1 17.5 20.5 19.8 
72 19.5 16.6 21.5 19.2 20.5 23.0 17.2 20.2 19.7 
144 19.9 17.3 20.9 19.4 22.3 22.4 16.9 20.5 20.0 
Avg 19.3 16.9 21.4 19.2 21.2 23.0 17.3 20.5 19.8 
Avg over N levels 19.2 16.8 21.1 19.0 21.2 22.9 17.2 20.4 19.8 
Harvest avg First 
20 .2  
Second 
19.9 
Third 
19.1 
^Averaged over soil temperatures at time of N application. 
44 
Table 5» Analysis of variance summary for percent crude 
protein, Vernal alfalfa under various N treatments, 
Ames, Iowa - I966, I967 
Source of variation DP Mean squares 
Replications (R) 3 4.534* 
Temperature (T) 1 1.240 
Source (S) 1 3.640 
T X S 1 0.007 
Level (L) 4 0.476 
T X L 4 0.790 
S X L 4 0.146 
T X S X L 4 2.885 
Error ( <  a) 57 1.105 
Year (Y) 1 236.600** 
Harvest (H) 2 49.960** 
Y X H 2 1024.240** 
T X Y 1 0.721 
S X Y 1 0.800 
T X S X Y 1 0.833 
L X Y 4 0.899 
T X L X Y 4 0.442 
S X L X Y 4 0.882 
T X S X L X Y 4 2.895 
T X H 2 1.542 
S X H 2 1.394 
T X S X H 2 0.041 
L X H 8 2.296 
T X L X H 8 0.604 
S X L X H 8 1.774 
T X S X L X H 8 1.886 
T X Y X H 2 0.141 
S X Y X H 2 0.170 
T X S X Y X H 2 2.253 
L X Y X H 8 1.760 
T X L X Y X H 8 0.626 
S X L X Y X H 8 1.4o4 
Error (b) 308 1.267 
•Indicates P value significance at P <.05. 
**Indicates F value significance at P <.01. 
^5 
Yield of crude protein 
Tables 6 and 7, respectively, contain the averages and 
the analysis of variance summary for the yield of crude 
protein. The main effects of temperature, source and levels 
of N did not affect crude protein yields significantly. 
The increase in crude protein yields from I966 (2055 kg/ 
ha) to 1967 (2122 kg/ha) was significant (P<.01). 
The larger yields at the first harvest for each source of 
N and for all levels of application also were significant 
(P< .01). Over the 2-year period, crude protein yields were 
930, 757. and 400 kg/ha, respectively, for the first, second, 
and third harvests. 
Level X harvest interaction was significant (P<.01), the 
larger yields being obtained in the first harvest as compared 
to the second and third harvests. 
The source x level x harvest interaction and the source x 
level X year x harvest.interaction were significant (P< .05). 
There was a tendency for the yields to be increased at the 
higher levels of N application, and this was especially true 
of the ammonium nitrate source in the second year. Yields 
for the urea (925 kg/ha) at the first harvest In I967 were 
lower than for ammonium nitrate (96O kg/ha). This difference 
was reduced in the second harvest, I967 and had disappeared 
at the third harvest when each source yielded 4o8 kg/ha of 
crude protein. 
A comparison of the total N produced by the alfalfa 
Table 6. Average crude protein yields in kg/ha for Vernal alfalfa under various N treatments^, 
Ames, Iowa - 1966, 1967 
N Harvests 2 year 
Kg/ha 1966 1967 avg total 
Source applied June 8 July 14 Aug. 30 Total June 13 July 13 Aug. 28 Total yield 
Urea 0 904 760 399 2063 952 748 413 2113 2088 
18 918 733 406 2057 943 773 428 2144 2100 
36 938 773 371 2082 873 739 383 1995 2038 
72 903 713 388 2004 935 793 413 2141 2072 
144 941 711 392 2044 922 785 401 2108 2076 
Avg 921 738 391 2050 925 768 408 2100 2075 
Ammonium 0 907 754 409 2070 878 809 410 2097 2084 
nitrate 18 877 707 406 1990 963 775 418 2156 2073 
36 895 760 391 2046 935 111 432 2144 2095 
72 926 740 400 2066 940 779 406 2125 2096 
144 980 776 368 2124 1083 741 372 2196 2160 
Avg 917 747 395 2059 960 776 408 2144 2102 
Avg over N levels 919 743 393 2055 942 111 408 2122 2088 
Harvest avg First Second Third 
930 757 400 
^Averaged over soil temperatures at time of N application. 
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Table ?• Analysis of variance summary for crude protein 
yield for Vernal alfalfa under various N treat­
ments, Ames, Iowa - I966, I967 
Source of variation DF Mean squares 
Replications (R) 3 
Temperature (T) 1 
Source (S) 1 
T X S 1 
Level (L) 4 
T X L 4 
S X L 4 
T X S X L 4 
Error (a) 57 
Year ( [Y) 1 
Harvest (H) 2 
Y X H 2 
T X H 1 
S X Y 1 
T X S X Y 1 
L X Y 4 
T X L X Y 4 
S X L X Y 4 
T X S X L X Y 4 
T X H 2 
S X H 2 
T X S X H 2 
L X H 8 
T X L X H 8 
S X L X H 8 
T X S X I, X H 8 
T X Y X H 2 
S X Y X H 2 
T X S X Y X H 2 
L X Y X H 8 
T X L X Y X H 8 
S X L X Y X H 8 
Error (b) 308 
17651 
4255 
9196 
17172 
3470 
2148 
5155 
8289 
8979 
57225** 
11665304** 
1984 
4410 
4195 
7688 
5869 
1654 
6927 
8203 
399 
1760 
2988 
15184** 
6597 
11081* 
1549 
12323 
7123 
2273 
3278 
1487 
9916* 
4377 
*indicates F value significance at P <.05. 
**Indicates F value significance at P <.01. 
Figure J. Nitrogen produced minus N applied (mineralized 
N not considered) for Experiment I (N on alfalfa), 
Ames, Iowa - 1966, I967 
48b 
700 
1966 600 
500 
400 
CtS 
300 
200 
100 
36 Annual 0 
2-yr total 0 
N treatments (kg/ha) 
4-9 
versus that applied is shoiin in Figure 3» Mineralized N in 
the soil is not considered in this comparison. In both years, 
a greater amount of N was harvested in the alfalfa than was 
applied. Observed, however, in both years was a greater 
yield of N attributed to symbiotic-N fixation in the control 
than for alfalfa receiving N applications. 
Experiment II (N on Birdsfoot Trefoil) 
Five harvests were made during the 2 years of the experi­
ment, two in the first year and three in the second year. The 
harvest dates were June 23 and August 7. 19^7; June 3, July 9. 
and August 27, 1968. A residual harvest was made on July 14, 
1969. 
Dry matter yield 
Presented in Tables 8 and 9 are the treatment averages 
and analysis of variance summary for dry matter yields. 
An overall view of the experimental area showing the 
differences brought about by applications of N is presented in 
Figure 2. A comparison of plots fertilized with 36 and 72 
kg/ha of N is shown in Figure 4 and in Figure 5 a comparison 
of plots fertilized with 288 and 0 kg/ha of N is shown. All 
the above photographs were taken prior to the first harvest of 
1967. 
Significant increases in yield due to N applications 
occurred. The production of dry matter for the 2 years 
tended to increase with Increased N applications, 12500 to 
17589 kg/ha for the 0 and 57^ kg/ha N rates, respectively. 
Table 8. Average dry matter yield for Empire birdsfoot trefoil harvested five 
times, seven levels of N fertilization, Ames, Iowa - 196?, 1968 
Total 
Harvest Total first and second 
N tmt 1967 1968 over harvests 
(kg/ha) June 23 Aug. 7 June 3 July 9 Aug. 27 years 1967 1968 
0 1910d* 1849b 247lab 2936c 3334b 12500 3759 5407 
18 237606 2000b 2213ab 32l6bc 3160b 12965 4376 5429 
36 2690bc 2062b 2280ab 3l88bc 3233b 13453 4752 5468 
72 3031ab 1838b 2202b 3^ 35abc 3026b 13532 4869 5637 
1^4 3340a 2353b 2382ab 3721ab 3205b 15001 5693 6103 
288 3323a 3726a 2286ab 3883a 3233b 16451 7049 6169 
576 3306ab 3771a 2656a 3726ab 4130a 17589 7077 6382 
Avg 2854b 25l4bo 2356c 3444a 3332a 14499 5368 5799 
^Values within a group having the same letter are from the same statistical 
population at the ,05 level as determined by Duncan's Multiple Range Test. 
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Table 9. Analysis of variance summary for dry matter 
yields of Empire birdsfoot trefoil harvested 
five times, seven levels of N fertilization, 
Ames, Iowa - 1967, 1968 
Source of variation DF Mean squares 
Replications (R) 3 269295 
Nitrogen (N) 6 2932354** 
Error (a) 18 142361 
Harvests (H) 4 6503768** 
N X H 24 593727** 
Error ( b )  84 59758 
**Indicates F value significance at P .01. 
This is an increase of kOin dry matter. 
For the first two harvests of each year, more dry matter 
production was evident at the lower levels of N application in 
1968; whereas, the 196? production was greatest at the higher 
levels of N application (288 and 576 kg/ha N). 
Yield differences attributed to harvests were highly 
significant (P <.01). The larger yields of dry matter were 
obtained in the second harvest, I968 kg/ha) as compared 
to the next highest yield of 3332 kg/ha in the third harvest, 
1968. 
Dry matter yields increased progressively with N applica­
tions up to the highest rate applied (576 kg/ha), with the 
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Figure U-, Birdsfoot trefoil plots showing differences due to 
36 and 72 kg/ha of N applied, June 23, I967 
53 
Figure 5. Birdsfoot trefoil plots showing differences due to 
288 and 0 kg/ha of N applied, June 23, 1967 
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greater differences occurring In the earlier harvests of 
each year. 
Botanical composition 
The treatment averages and the analysis of variance 
summary for percent blrdsfoot trefoil In the sward are pre­
sented In Tables 10 and 11. Percent blrdsfoot trefoil 
values, averaged over harvests, are shown In Figure 6. 
Percent blrdsfoot trefoil in the sward was not signifi­
cantly affected by the N applications. However, significant 
I 
differences (P <.01) were observed for harvests. Looking 
within harvests, the higher percent;of 96.1 and 92.3 were 
maintained for the first and second harvests of 1968, re­
spectively. In both years, a higher value for the trefoil 
component was maintained at the first harvest as compared 
to the latter harvests. 
The N 2 harvest Interaction was significantly different 
(P< .05). Percent trefoil component was greater than 84.8# 
in both harvests of I967, while the first two harvests of 
1968 had more than 92.3# trefoil and only 4^.8# for the third 
harvest. 
Treatment averages and analysis of variance summary for 
the percent weeds in the sward are presented in Tables 12 and 
131 respectively. Percent weed values averaged over harvests 
are shown in Figure 6. 
Significant differences (P <.05) In weeds resulted from 
Table 10. Average percent birdsfoot trefoil in the sward over five harvests, 
seven, levels of N fertilization, Ames, Iowa - I967, I968 
Harvest Avg 
Avg 
first and second 
N tmt 1967 1968 over harvests 
( kg/'ha) June 23 Aug. 7 June 3 July 9 Aug. 27 years 1967 1968 
0 94.7a* 94.4a 98.0a 93.1a 53.5a 86. 8a 94.6 95.6 
18 92.9a 90.0ab 96.3a 89,6a 47.7a 83.3a 91.4 93.0 
36 91.5a 88.3ab 95.3a 89. 6a 43.8a 81.7a 89.9 92.4 
72 81.7a 83.5ab 94.4a 88. 2a 42. 8a 78.1a 82.6 91.3 
144 91.1a 79.6ab 95.4a 93.8a 44.3a 80.8a 85.4 94.6 
288 84.3a 80.8ab 95.9a 97.4a 58.2a 83.3a 82.6 96.6 
576 87.9a 76.7b 97.6a 94.5a 44.1a 80.2a 82.3 96.0 
Avg 89.2a 84. 8a 96.1a 92.3a 47.8b 82.0 87.0 94.2 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 11. Analysis of 
foot trefoil 
levels of N 
variance summary for 
in sward, over five 
fertilization, Ames, 
percent birds-
harvests, seven 
Iowa - 1967, 1968 
Source of variation DP Mean squares 
Replications (R) 3 154.5 
Nitrogen (N) 6 164.0 
Error (a) 18 100.6 
Harvests (H) 4 10694.4** 
N X H 24 151.0* 
Error (b) 84 75.3 
•Indicates F value significance at P<0.05. 
**IndiGates F value significance at P <0.01. 
the N treatments. When averaged over harvests, the weed 
percentage tended to increase from the control (13.2^) to 
the higher rates of N, although the higher percentage of 
21.9 was obtained at the 72 kg/ha of N level. The weed per­
centage was quite low for the first and second harvests of 
1968, 3.9# and respectively. 
The treatment averages and the analysis of variance 
summary for the dry matter yield of the blrdsfoot trefoil 
component (weed-free dry matter) are presented in Tables 
l4 and 15. Dry matter yields for both the trefoil and weed 
1 
components summed over harvests are presented in Figure 7* 
Figure 6. Average percent birdsfoot trefoil and weeds, Experiment II (N 
birdsfoot trefoil), Ames, Iowa - 196?, I968 
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Table 12. Average percent weeds in the sward for five harvests of Empire 
blrdsfoot trefoil, seven levels of N fertilization, Ames, Iowa 
1967, 1968 
Avg 
Harvest Avg first and second 
K tmt 1967 19^5" over harvests 
(kg/ha) June 23 Aug. 7 . June 3 July 9 Aug. 27 years 1967 1968 
0 5.6c 2. Oa 6. 8a 46.5ab 13.2a 5.4b 4.4a 
18 7.1b 10.Obc 3.7a 10.4a 52.3a 16.7a 8,6ab 7.0a 
36 8.5ab 11.7bc 4.7a 10.4a 56.2a 18.3a 10.1a 7.6a 
72 18.3a 16.5ab 5.6a 11.8a 57.2a 21.9a 17.4a 8.7a 
1# 8.9ab 20.4ab 4.6a 6.2a 55.7a 19.2a l4.6a 5.4a 
288 15.7ab 19.2ab 4.1a 2.6a 41.8b 16.7a 17.4a 3.4a 
576 12.lab 23.3a 2.4a 5.5a 55.9a 19.8a 17.7a 4.0a 
Avg 10.8bc 15.2b 3.9c 7.7bc 52.2a 18.0 13.0 5.8 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 13. Analysis of variance summary for percent weeds 
in sward of birdsfoot trefoil over five harvests, 
seven levels of N fertilization, Ames, Iowa -
1967, 1968 
Source of variation DF Mean squares 
Replications (R) 3 232.3** 
Nitrogen (N) 6 150.4* 
Error (a) 18 44.3 
Harvests (H) 4 10826.9** 
N X H 24 67.5* 
Error (b) 84 39.7 
•Indicates P value significance at P <.05. 
**Indicates F value significance at P <.01. 
Yield Increases due to the N applications were significant 
(P<.01). Summed over harvests, the control (0 kg/ha) yielded 
10^97 kg/ha of the trefoil component while the highest rate 
of N (576 kg/ha) produced 13735 kg/ha. The second harvest of 
1968 was highest yielding for the birdsfoot trefoil component 
while the third harvest yielded least, 3185 and 1590 kg/ha, 
respectively. 
Comparing the first two harvests of each year, there were 
higher yields of the trefoil component in I968 for all N 
levels. The first two harvests of 1967 yielded an average of 
4627 kg/ha compared to 5^52 kg/ha for the first two harvests 
Table l4. Average dry matter yield of Empire birdsfoot trefoil component 
sward, over five harvests, seven levels of N fertilization, Ames, 
Iowa - 1967, 1968 
Total 
Harvests Total first and second 
N tmt 1967 1968 5 harvests 
(kg/ha) June 23 Aug. 7 June 3 July 9 Aug. 27 harvests I967 1968 
0 18090* 1746b 2423a 27350 1784a 10497 3555 5158 
18 2207bc 1800b 2132a 2883bc 1508a 10530 4007 5015 
36 246labc 1821b 2174a 2855bo I4l6a 10727 4282 5029 
72 2475abc 1536b 2079a 3030bc 1295a 10415 4011 5109 
144 3044a 1874b 2272a 3^9Oab 1420a 12100 4918 5762 
288 2801ab 3012a 2193a 3783a 1882a 13671 5813 5976 
576 2907ab 2894a 2592a 352Oab 1822a 13735 5801 6112 
Avg 2529b 2098c 2266bo 3185a 1590d II668 4627 5452 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 15. Analysis of variance summary for dry matter yield 
of Empire birdsfoot trefoil component of herbage 
harvested five times, seven levels of N fertiliza­
tion, Ames, Iowa - 196?, 1968 
Source of variation DP Mean squares 
Replications (R) 
Nitrogen (N) 
Error (a) 
3 
6 
18 
551318 
1786805** 
198575 
Harvests (H) 
N X H 
Error (b) 
4 
24 
84 
9610752** 
341658** 
76821 
**Indlcates F value significance at P <.01. 
of 1968. 
The nitrogen x harvest interaction was significant 
(P<.01). Highest yields in 1967 were obtained in the first 
harvest, while in I968, the highest yields occurred in the 
second harvest. 
Treatment averages and the analysis of variance summary 
for the weed component of the herbage are presented in Tables 
16 and 17. The yields of the weed component summed over 
harvests are shown in Figure 7» 
The weed component was larger with increases in N appli­
cation, with a total production summed over harvests of 2003 
and 3854 kg/ha, respectively, for the control (0 kg/ha) and 
Figure 7. Total dry matter production, Experiment II (N on birdsfoot trefoil), 
Ames, Iowa - 196?, I968 
Dry matter 
in 
1000 kg/ha 
Table l6. Average dry matter yield of weeds in Empire birdsfoot trefoil sward 
harvested five times, seven levels of N fertilization, Ames, Iowa -
1967, 1968 
Total 
Harvests Total first and second 
N tmt 1967 1968 5 harvests 
(kg/ha) June 23 Aug. 7 June 3 July 9 Aug. 27 harvests 1967 1968 
0 lOlo* 103d 48a 201a 1550bc 2003 204 249 
18 169c 200cd 8la 333a 1652b 2435 369 4l4 
36 229bc 24lod 106a 333a 1817b 2726 470 439 
72 556a 302cd 123a 405a 1731b 3117 858 528 
1# 296abc 479bc 110a 231a 1785b 2901 775 341 
288 522 ab 7lAab 93a 100a 1351c 2780 1236 193 
576 399abc 877a 64a 206a 2308a 3854 1276 270 
Avg 325b 417b 89b 258b 1742a 2831 741 348 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test, 
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Table 17. Analysis of variance summary for weed component 
yield of Empire birdsfoot trefoil sward, five 
harvests, seven levels of N fertilization, Ames, 
Iowa - 1967, 1968 
Source of variation DP Mean squares 
Replications (R) 3 205094** 
Nitrogen (N) 6 270182** 
Error (a) 18 35161 
Harvests (H) 4 12545952** 
N X  H 24 139476** 
Error (b) 84 46158 
**Indicates F value significance at P <.01. 
highest level of N (576 kg/ha). The extremely large yield 
of 1742 kg/ha that occurred in the third harvest of I968 was 
larger than for the other four harvests added together. 
The N X harvest interaction was significant (P< .01). 
Within each harvest there was no consistent effect of N, 
although as in the first and second harvests of I968, the 
trend was for the weed component to increase initially with 
N applications and then decrease at the higher N levels. 
Yields of weed component summed over the first two har­
vests of each year reveal an increasing trend for N applica­
tions in 1967. However, the trend for I968 was for an initial 
Increase in weed yields with N applications, with reductions 
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occurring at the higher levels. The lowest yields of weeds, 
204 and 193 kg/ha, were produced, respectively, for the 0 and 
288 kg/ha N rate for each year, 196? and I968. 
A comparison of the birdsfoot trefoil and weed component 
yields for the first harvests of I967, 1968, and I969 are 
given in Table 18. The residual harvest was the only one made 
in 1969. This harvest was made on July l4, considerably 
later than first harvests of the other years. Larger first 
harvest yields for the blrdsfoot trefoil component were noted 
in 1969 for all treatments that received N in I967 or I968, as 
compared to the control (0 kg/ha). 
In 1969, the weed component decreased for the lower prior 
N treatments but then increased at the higher N rates. The 
highest yield of weeds at first harvest for the years was for 
the control (0 kg/ha) in I969 and the smallest was for the 
control in I968, the yields being 719 and 48 kg/ha, respec­
tively. 
Averaging across the first harvests for the 3 years, the 
highest yields for the birdsfoot component (3287 kg/ha) was 
obtained at the rate of l44 kg/ha of N. 
Percent crude protein 
The treatment averages and analysis of variance summary 
for percent crude protein of the blrdsfoot trefoil component 
are presented in Tables 19 and 20. 
The effects of N application on the percent crude protein 
Table 18. Average yields of birdsfoot trefoil and weed component for the first 
harvest in each of 3 years under seven levels of N®-, Ames, Iowa -
1967, 1968, 1969 
First harvest (kg/ha) 
N tmts 1967 1968 1969 Avg 
(kg/ha) BPT Weeds BFT Weeds BFT Weeds BFT Weeds 
0 1809 101 2423 48 3355 719 2529 289 
18 . 2207 169 2132 81 4283 447 2874 232 
36 2461 229 2174 106 4106 254 2914 196 
72 2475 556 2079 123 4039 342 2864 340 
1# 3044 296 2272 110 4544 382 3287 263 
288 2801 522 2193 93 4o66 142 3020 252 
576 2907 399 2592 64 3630 686 3043 383 
Avg 2529 325 2266 89 4003 425 
^No N was applied in 1969' 
Table 19. Average percent crude protein for Empire birdsfoot trefoil component, 
seven levels of N fertilization, Ames, Iowa - I967, I968 
Avg 
Harvest Avg first and second 
N tmt 19^ 2222 196b over harvests 
(kg/ha) June 23 Aug. 7 June 3 July 9 Aug. 27 years 1967 1968 
0 15.8d® 19.0b 22.7c I8.8bc 21.9b 19.6c 17.4bc 20.8c 
18 15.9d 19.3b 24. Id I8.7bc 22.2ab 20 .00 17.6bc 21.4c 
36 15.8d 18.4bc 24.7cd 18.5c 22.4ab 20.0c 17.1c 21.6bc 
72 18.0c 17.6c 25.5bc 18.5c 21.9b 20.3c 17. 8bc 22.0bc 
144 21.1b 16.2d 26,4ab 17. Id 21.3b 20.4c 18.6b 21.8bc 
288 24.2a 19.6ab 25.9bc 19.9b 21.9b 22.3b 21.9a 22.9b 
576 25.2a 20.7a 27.7a 21.6a 23,3a 23.7a 23.0a 24.6a 
Avg 19.4c 18.7c 25.3a 19.0c 22.1b 20.9 19.1 22.2 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 20. Analysis of variance summary of the percent crude 
protein for the birdsfoot trefoil component, five 
harvests, seven levels of N fertilization, Ames, 
Iowa - 1967, 1968 
Source of variation DF Mean squares 
Replications (R) 3 2.38* 
Nitrogen (N) 6 45.81** 
Error (a) 18 0.64 
Harvests (H) 4 219.20** 
N X  H 24 12.42** 
Error (b) 84 1.38 
^Indicates F value significance at P< .05. 
**Indicates F value significance at P <.01. 
were highly significant (P<.01), with larger values at the 
higher rates of N. 
When averaged over harvests, the 0 kg/ha N level had a 
crude protein percent of 19.6 and this was increased to 2J,7% 
for the 576 kg/ha N rate. A comparison of average yields over 
the first two harvests of each year reveals greater differ­
ences occurring in I967, although averages are greater at all 
levels of N for I968. 
The N X harvest interaction was significant (P< .01). 
The highest percent crude protein values were obtained, for 
the first harvest, I968 (25.3^)1 especially at the higher 
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rates of N application. 
Yield of crude protein 
Crude protein yield and the analysis of variance summary 
for the birdsfoot trefoil component are presented in Tables 
21 and 22. An increase in the yield of crude protein 
occurred because of N applications. In all harvests, the 576 
kg/ha rate of N application gave the highest yields of crude 
protein. In the second harvest of 196? and the third harvest 
of 1968, an initial decrease was observed for N applications 
while at the higher rates of N application the crude protein 
yields were increased. 
The differences in the crude protein yield due to har­
vests were highly significant (P<.01). Highest yields were 
obtained early in the harvest season, with reductions in the 
last harvests. Crude protein yields for I967 were 502 and 
398 kg/ha, respectively, for the two harvests, while yields 
in 1968 were 573t 608, and 353 kg/ha, respectively, for the 
first, second, and third harvests. 
Modulation and N fixation 
Samples of soil measuring 10 x 6l x 81 cm were removed 
from treatments on July 30 and August 2, I968, by use of a 
board containing nails that were driven into the soil on the 
side of a pit within the border area of each plot. The soil 
was washed free of the roots and nails by use of a low pres­
sure sprinkle on a water hose. The roots remained imbedded 
Table 21, Average yield in kg/ha crude protein for Empire birdsfoot trefoil 
component harvested five times, seven levels of N fertilization, 
Ames, Iowa - 19^7. 1968 
Total 
Harvests Total first and second 
N tmt 1967 1968 5 harvests 
(kg/ha) June 23 Aug. 7 June 3 July 9 Aug. 27 harvests 1967 196b 
0 380c* 332b 549b 518c 392a 2071 612 1067 
18 350bc 346b 513b 5380 336a 2083 696 1051 
36 389bc 337b 538b 528c 317a 2109 726 1066 
72 445b 272b 530b 560c 282a 2089 717 1090 
144 642a 305b 595ab 598bc 306a 2446 947 1193 
288 672a 592a 570ab 755ab 412a 3001 1264 1325 
576 736a 603a 718a 760a 425a 3242 1339 1478 
Avg 502ab 398bc 573a 608a 3530 2434 900 1181 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test, 
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Table 22. Analysis of variance summary for crude protein 
yield of Empire birdsfoot trefoil harvested five 
times, seven levels of N fertilization, Ames, Iowa 
1967, 1968 
Source of variation DP Mean squares 
Replications (R) 
Nitrogen (N) 
Error (a) 
3 
6 
18 
19760 
194498*# 
9404 
Harvests (H) 
N X H 
Error (b) 
4 
24 
84 
337320** 
21809** 
3983 
**Indicates F value significance at P .01. 
in the nails on the board. Portions of these root samples 
are shown in Figures 8, 9, 10, and 11. 
The control (Figure 8) appeared to contain a slightly 
higher number of nodules than did the other levels of N. In 
all but the highest rate of N (576 kg/ha) (Figure 9), nodula-
tion was observed to the full depth of 6l cm. The greatest 
concentration of nodules for the control (Figure 8) was at the 
3O- to 46-cm depth, with the larger nodules at both extremes 
of top and bottom. The smaller rates of N tended to lower the 
number and size of the nodules, while the l44 kg/ha rate of N 
(Figures 10 and. 11) gave results very similar to the control. 
At the highest rate of 576 kg/ha of N (Figure 8), nodules were 
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Figure 8. Modulation of birdsfoot trefoil roots (24-ln 
depth) on August 2, 1968 (0 kg/ha N treatment) 
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Figure 9. Modulation of birdsfoot trefoil roots (l6-in 
depth) on August 2, I968 (576 kg/ha N treatment) 
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Figure 10. Modulation of birdsfoot trefoil roots (l8-in 
depth) on August 2, I968 (l44 kg/ha N treatment) 
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Figure 11. Nodulation of birdsfoot trefoil roots (24-in 
depth) on August 2, 1968 (l44 kg/ha N treatment) 
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few In number and lacked the pink color characteristic of 
effective nodules. 
Removal and weighing of nodules gave the following: 
for one observation; 0.39, O.3O, 0.11, O.25, O.I5» and 
0,0022 g for the 0, I8, 36, l44, 288, and. 57^ kg/ha rates 
of N application, respectively. 
A comparison of the total N produced by the birdsfoot 
trefoil component versus that applied is shown in Figure 12. 
(Mineralized N is not considered in this comparison.) In both 
years, a greater amount of N was harvested in the birdsfoot 
trefoil component of the herbage than was applied, except for 
the two highest rates of N application, 288 and 57^ kg/ha. 
Also, in both years, the N attributed to symbiotic-N fixation 
was greater for the control than for trefoil receiving N 
applications. 
Experiment III (N on Alfalfa-Smooth Brome) 
Three harvests were taken in each year of the study. 
Harvest dates were June 15, August 9, and October 19, 1967: 
June 4, July 18, and August 19, I968. 
Dry matter yield 
Average dry matter yields and the analysis of variance 
summary are presented in Tables 23 and 26, respectively. Dry 
matter yield by years is presented in Figure 13• 
From Table 24 it is observed that the total dry matter 
production increased from 5367 to III30 kg/ha for the 0 and 
Figure 12. Nitrogen produced minus N applied (mineralized N not considered) 
for Experiment II (N on birdsfoot trefoil), Ames, Iowa - I967, 1968 
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Table 23. Average dr^ matter yields (kg/ha) of an alfalfa-smooth brome sward under various N 
treatments , Ames, Iowa - 1967, 1968 
Seeding Avg total 
rate of Harvests yield 
alfalfa N tmt 1967 1968 (1967 & 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total 1968) 
0 0 1782 1193 288 3263 3110 731 381 4222 3742 
30 2292 1384 243 3919 4037 717 319 5073 4496 
60 2704 1647 254 4605 5626 820 316 6762 5684 
120 3213 3180 305 6698 6654 1922 322 8898 7798 
240 3247 4732 375 8354 8089 4393 204 12686 10520 
6 0 4326 4595 1933 10854 6369 5206 3188 14763 12808 
30 3956 4508 1824 10288 6966 5503 2981 15450 12869 
60 4323 4729 2303 11355 6593 5500 3158 1521)1 13303 
120 4009 4822 1835 10666 6994 5318 2888 15200 12933 
240 4421 5068 2006 11495 7134 5553 2869 15556 13526 
9 0 3737 4547 1706 9990 5943 5500 3262 14705 12348 
30 4278 4623 1784 10685 6727 5380 3191 15298 12992 
60 4433 4564 1874 10871 6935 5096 3152 15183 13027 
120 4844 4730 1846 11420 6994 5452 3225 15671 13546 
240 4811 5293 1885 11989 6868 5293 3116 15277 13633 
20 0 4416 4587 1975 10978 6352 5394 3331 15077 13028 
30 4802 4561 1.972 11335 6576 5716 3384 15676 13506 
60 4421 4458 1905 10784 6912 5197 3270 15379 13082 
120 4783 4682 2003 11468 6439 5744 3359 15542 13505 
240 4469 4623 1995 11087 6769 5548 3586 15903 13495 
Avg over N levels 3963 4126 1516 9605 6404 4499 2475 13378 11492 
^Averaged over soil temperatures at time of N application. 
Table 24. Average dry matter yields of an alfalfa-smooth brome sward®", Ames, 
Iowa - 1967, 1968 
Seeding Harvests 
rate of I967 1968 
alfalfa June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total 
0 264? 2427 293 5367 5503 1717 308 7528 
6 4207 4745 1980 10932 6811 5416 3017 15244 
9 4421 4751 1819 10991 6693 5344 3189 15226 
20 4578 4582 1970 11130 6610 5520 3386 15516 
Avg 3963 4126 1516 9605 64o4 4499 2475 13378 
^Averaged over N rates. 
Table 25. Average dry matter yields of an alfalfa-smooth brome sward^, 
Ames, Iowa - I967, 19^8 
Harvests 
N tmt 1967 1968 
kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total 
0 3565 3730 1476 8771 5443 4208 2540 12191 
30 3832 3769 1456 9057 6077 4329 2469 12875 
60 3970 3850 1584 9404 6517 4154 2474 13145 
120 4212 4353 1497 10062 6770 4609 2449 13828 
240 4237 4929 1565 10731 7215 5197 2444 14856 
Avg 3963 4126 1516 9605 64o4 4499 2475 13378 
Harvest avg First 
5184 
Second 
4313 
Third 
1995 
Year avg 1967 
3202 
1968 
4459 
^Averaged over seeding rates. 
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Table 26. Analysis of variance summary for dry matter yield, 
alfalfa-smooth brome, Ames, Iowa - 196?, 1968 
Source of variation DP Mean squares 
Replications (R) 3 5810752** 
Seeding rate (A) 3 301806080** 
Temperature (T) 1 372020 
A X T 3 423761 
Level (L) 4 17305744** 
A X L 12 8372148** 
T X L 4 413288 
A X T X L 12 238003 
Error (a) 117 471980 
Year ( :i) 1 379664384** 
Harvest (H) 2 869091328** 
T X H 2 90882080** 
A X Y 3 7733002** 
T X Y 1 6353 
A X T X Y 3 558702 
L X Y k 334544 
A X L X Y 12 1003367** 
T X L X Y 4 328181 
A X T X L X Y 12 340793 
A X H 6 11587784** 
T X H 2 4587784** 
A X T X H 6 2787705** 
L X H 8 5627716** 
A X L X H 24 2715604** 
T X L X H 8 1538623** 
A X T X L X H 24 404123 
A X Y X H 6 7133200** 
T X Y X H 2 545170 
A X T X Y X H 6 409549 
L X Y X H 8 1371087** 
A X L X Y X H 24 798754** 
T X L X Y X H 8 72906 
Error (b) 624 304929 
^•Indicates F value significance at P< .01. 
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20 kg/ha seeding rate of alfalfa, respectively, in 19^7 and 
from 7528 to 15516 kg/ha in I968. The percent increase in 
total dry matter production was 103.7, 104.8, 107.4# in 1967 
and 102.5, 102.3, and 106.I# in I968, respectively, for the 
6, 9, and 20 kg/ha seeding rate of alfalfa. 
No significant differences were observed for the two 
soil temperatures at time of N applications. 
Dry matter production increased with N applications in 
both years of the study. Dry matter yields for all N levels 
averaged over temperatures and seeding rates are presented in 
Table 25. Dry matter increased from 8771 to 10731 kg/ha for 
the 0 and 24o kg/ha N rates, respectively, in 1967. In I968 
dry matter was increased from 1219I to 14856 kg/ha for the 
same rates of N. A greater increase in dry matter production 
due to N applications was noted in I968, with the greater 
difference occurring in the first harvest. 
The seeding rate x N level interaction was significant 
(P<.01). Within each seeding rate, the production tended to 
increase with N application (Table 23). Dry matter production 
for each level of N within each seeding rate is shown in 
Figure 13. 
The average dry matter production over all N levels, 
temperatures, harvests, and seeding rates of alfalfa was 
3202 kg/ha in I967 and 4459 kg/ha in I968 (Table 25). This 
represents a 39.3# increase in dry matter yield from the first 
to the second year. 
Figure 13. Total dry matter production, Experiment III (N on alfalfa-smooth 
brome), Ames, Iowa - I967, I968 
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Over the 2 years, a decrease in dry matter production 
was observed from the first to the third harvest, 518^, 4313, 
and 1995 kg/ha, respectively, for the first, second, and third 
harvests (Table 25). However, in 196?, the second harvest 
was greater than the first (Table 23). 
The increase in dry matter production within each year 
for the alfalfa seeding rate was significant (P < .01). 
There was a significant difference (P< .01) in dry matter 
production for the seeding rate x N level x year interaction. 
Likewise, there was a significant difference (P <.01) for 
the seeding rate x harvest interaction. 
Botanical composition 
Treatment averages and the analysis of variance summary 
for the percent smooth brome component of the alfalfa-smooth 
brome sward are presented in Tables 27 and 30, respectively. 
The highest percent smooth brome was obtained at the 0 
kg/ha seeding rate of alfalfa, with smaller percents 
occurring in the forage with the increased seeding rates of 
alfalfa. During I967, average percent smooth brome decreased 
from 80.1 to 1^.6# for the 0 to 20 kg/ha seeding rate of 
alfalfa, respectively (Table 28). The reduction in I968 was 
from 97.5 to 11.4#, respectively, for the low to high seeding 
rates of alfalfa. The greater reductions were evident in I968, 
especially the third harvest for the 6, 9» and 20 kg/ha seed­
ing rate of alfalfa. 
Table 27. Average percent smooth brome component in alfalfa-smooth brome under various N 
treatments , Ames, Iowa - 1967, 1968 
Seeding 
rate of Harvests 
alfalfa N tmt 1967 1968 Avg over 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Avg June 4 July 18 Aug. 19 Avg years 
0 0 98.8 61.8 70.7 77.1 96.9 91.7 100.0 96.2 86.6 
30 98.6 63.2 61.8 74.5 98.5 89.7 100.0 96.1 85.3 
- 60 98.0 75.9 68.7 80.9 99.6 96.0 100.0 98.5 89.7 
120 97.9 75.7 76.7 83.4 99.6 95.6 100.0 98.4 90.9 
240 96.8 75.4 81.7 84.6 99.5 95.3 100.0 98.3 91.5 
6 0 34.9 10.1 6.1 17.0 28.9 3.8 0.0 10.9 14.0 
30 34.3 14.4 7.9 18.9 38.6 8.4 0.0 15.7 17.3 
60 46.5 15.5 8.6 23.5 44.6 11.1 0.0 18.6 21.0 
120 46.2 27.6 10.6 28.1 43.6 12.6 0.0 18.5 23.3 
240 46.4 19.3 12.5 26.1 54.4 12.8 0.0 22.4 24.2 
9 0 24.6 7.8 3.9 12.1 21.7 2.4 0.0 8.0 10.1 
30 37.2 14.5 8.7 20.1 27.9 5.9 0.0 11.3 15.7 
60 32.8 11.6 5.8 16.7 40.9 6.8 0.0 15.9 16.3 
120 48.6 10.5 8.1 22.4 45.6 8.7 0.0 18.1 20.2 
240 45.6 17.3 8.8 23.6 35.0 8.6 0.0 14.5 19.1 
20 0 24.1 5.3 2.8 10.7 21.1 2.1 0.0 7.7 9.2 
30 27.8 9.0 6.4 14.4 31.8 3.5 0.0 11.8 13.1 
60 42.2 11.1 6.0 19.8 33.7 5.6 0.0 13.1 16.4 
120 27.6 11.5 5.6 14.9 28.8 3.9 0.0 10.9 12.9 
240 27.3 7.8 5.0 13.3 36.5 4.1 0.0 13.5 13.4 
Avg over N levels 51.8 27.3 23.3 34.1 51.3 28.4 25.0 34.9 34.5 
^Averaged over soil temperatures at time of N application. 
Table 28. Average percent smooth brome component in an alfalfa-smooth brome 
sward®-, Ames, Iowa - 196?, 19^8 
Seeding Harvests 
rate of 1967 ~ 1965" 
alfalfa June 15 Aug. 9 Oct. 19 Avg June 4 July IB Aug. 19 Avg 
0 98.0 70.4 71.9 80.la^ 98.8 93.7 100.0 97.5a 
6 41.7 17.4 9.2 22.7b 41.9 9.8 0.0 17.2b 
9 37.8 12.3 6.9 19.0b 34.2 6.5 0.0 13.6b 
20 29.8 - 8.9 5.1 14.6b 30.4 3.8 0.0 11.4b 
Avg 51.8a 27.3b 23.3b 34.1 51.3a 28.4b 25.0b 34.9 
^Averaged over N rates. 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
Table 29. Average percent smooth brome component In an alfalfa-smooth brome 
sward®-, Ames, Iowa - 196?, I968 
Harvests 
N tmt 1967 19^ 
kg/ha June 15 Aug. 9 Oct. 19 Avg June 4 July lb Aug. 19 Avg 
0 45.6 21.3 20.9 29.2a^ 42.1 25.0 25.0 30.7a 
30 49.5 25.3 21.2 32.0a 49.2 26.9 25.0 33.7a 
60 54.9 28.5 22.3 35.2a 54.7 29.9 25.0 36.5a 
120 55.1 31.3 25.3 37.2a 54.2 30.2 25.0 36.5a 
240 54.0 29.9 26.8 36.9a 56.4 30.2 25.0 37.2a 
Avg 51.8a 27.3b 23.3b 34.1 51.3a 28.4b 25.0b 34.9 
Harvest avg First 
51.6a 
Second 
27.0b 
Third 
24.1b 
^'Averaged over seeding rates. 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 30. Analysis of variance summary for percent smooth 
brome, alfalfa-smooth brome sward, Ames, Iowa -
1967, 1968 
Source of variation DP Mean squares 
Replications (R) 3 2042.77** 
Seeding rate (A) 3 316216.19** 
Temperature (T) 1 57.48 
A X T 3 47.82 
Level (L) 4 1779.36** 
A X L 12 173.33 
T X L 4 51.88 
A X T X L 12 108.90 
Error (a) 117 236.98 
Year 1 :Y) 1 153.84 
Harvest (H) 2 70872.12** 
Y X H 2 105.68 
A X Y 3 7408.30** 
T X Y 1 316.37* 
A X T X Y 3 127.30 
L X Y 4 50.10 
A X L X Y 12 123.55 
T X L X Y 4 57.16 
A X T X L X Y 12 46.16 
A X H 6 2306.17** 
T X H 2 994.90** 
A X T X H 6 68.75 
L X H 8 267.61** 
A X L X H 24 179.66** 
T X L X H 8 182.95* 
A X T X L X H 24 52.87 
A X Y X H 6 1640.74** 
T X Y X H 2 771.76** 
A X T X Y X H 6 59.93 
L X Y X H 8 90.36 
A X L X Y X H 24 71.93 
T X L X Y X H 8 84.94 
Error (b) 624 74.09 
^Indicates F value significance at P<.05. 
•"•^Indicates F value significance at P < .01. 
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Percent smooth "brome was significantly increased 
(P <C.01) with N applications. Noted in Table 29 is an in­
crease in the smooth brome component from 29,2 to 37.2^ for 
the 0 and 120 kg/ha rate of N application. The 24o kg/ha N 
rate produced 0,3 percentage points less smooth brome than 
for the 120 kg/ha N rate. Smaller differences were observed 
in 1968 when percent smooth brome averaged 30.7 and 37.2%, 
respectively, for the 0 and 240 kg/ha N rates. 
No differences were observed from the first to the second 
harvest year. However, within each year, there was a reduction 
in percent smooth brome from the first to the third harvest. 
Reductions also were greater within the seeding rates of alfal­
fa (Table 28). The first harvest of each year produced an av­
erage of 51 >6% smooth brome while the second, and. third harvests 
produced an average of 27.8 and 24.1%, respectively (Table 29). 
Noted is a greater reduction from the first to the second 
harvest. 
The level x harvest interaction was significant (P<^.01), 
with the greater percentages occurring above 30 kg/ha N rates. 
Treatment averages and. the analysis of variance summary 
for percent alfalfa in the sward are shown in Tables 3I and 32, 
respectively. 
An increase in percent alfalfa was evident with increased 
seeding rates of alfalfa. In 19^7, the alfalfa component was 
increased from averages of 73.7, 78.6, and 83.3% for the 6, 9, 
and 20 kg/ha seeding rates of alfalfa, respectively (Table 31)• 
During I968 the percent increases were 82.2, 85.8, and 88.0 for 
Table 31. Average percent alfalfa in an alfalfa-smooth brome sward under various N treatments^, 
Ames, Iowa - 1967, 1968 
Seeding 
rate of Harvests 
alfalfa N tmt 1967 1968 Avg over 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Avg June 4 July 18 Aug. 19 Avg years 
6 0 64.9 79.7 93.2 79.3 70.5 95.2 100.0 88.6 83.9 
30 63.3 78.1 90.4 77.3 60.9 90.4 100.0 83.8 80.5 
60 53.2 77.5 90.6 73.8 54.8 87.7 100.0 80.8 77.3 
120 53.7 63.1 88.5 68.4 56.5 86.0 100.0 80.8 74.6 
240 53.1 69.6 86.8 69.8 45.2 85.5 100.0 76.9 73.4 
Avg 57.6 73.6 89.9 73.7 57.6 89.0 100.0 82.2 77.9 
9 0 75.3 86.8 95.0 85.7 77.6 96.6 100.0 91.4 88.5 
30 62.1 81.4 90.4 77.9 71.6 92.9 100.0 88.2 83.1 
60 66.8 82.3 93.4 80.9 58.5 91.9 100.0 83.5 82.2 
120 50.9 85.5 90.3 75.6 54.0 89.8 100.0 81.3 78.4 
240 54.0 74.2 90.7 73.0 64.5 90.2 100.0 84.9 78.9 
Avg 61.8 82.0 92.0 78.6 65.2 92.3 100.0 85.8 82.2 
20 0 75.5 92.2 96.0 87.9 78.3 97.0 100.0 91.8 89.9 
30 71.8 88.5 92.6 84.3 67.5 95.6 100.0 87.7 86.0 
60 57.7 81.2 92.8 77.2 65.7 93.5 100.0 86.4 81.8 
120 71.6 84.0 92.8 82.8 70.6 94.7 100.0 88:4 85.6 
240 72.5 87.1 93.7 84.4 62.8 94.8 100.0 85.9 85.2 
Avg 69.8 86.6 93.6 83.3 69.0 95.1 100.0 88.0 85.7 
Avg over N levels 63.1 80.7 91.8 78.6 63.9 92.1 100.0 85.4 81.9 
00 \o 
^Averaged over soil temperatures at time of N application. 
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Table 32. Analysis of variance summary of percent alfalfa, 
alfalfa-smooth brome sward, Ames, Iowa - 19^7» 
1968 
Source of variation DF Mean squares 
Replications (R) 3 3584.65** 
Seeding rate (A) 2 3613.12** 
Temperature (T) 1 132.35 
A X T 2 17.61 
Level (L) 4- 1713.71** 
A X L 8 184.42 
T X L 4 119.73 
A X T X L 8 95.07 
Error (a) 87 253.95 
Year ( :Y) 1 8321.07** 
Harvest (H) 2 66582.50** 
Y X H 2 1758.98** 
A X Y 2 222.90 
T X Y 1 470.29* 
A X T X Y 2 130.93 
L X Y k 15.67 
A X L X Y 8 164.31* 
T X L X Y 4 43.60 
A X T X L X Y 8 40.66 
A X H 4 556.31** 
T X H 2 1246.82** 
A X T X H 4 40.27 
L X H 8 405.33** 
A X L X H 16 127.50* 
T X L X H 8 186.41* 
A X T X L X H 16 63.50 
A X Y X H 4 101.70 
T X Y X H 2 932.81** 
A X T X Y X H 4 30.24 
L X Y X H 8 51.78 
A X L X Y X H 16 79.50 
T X L X Y X H 8 116.53 
Error (b) 466 79.56 
•Indicates F value significance at P <.05» 
**Indloates F value significance at P <.01. 
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the corresponding 6, 9, and 20 kg/ha seeding rates of alfalfa. 
Within each seeding rate of alfalfa there was a tendency 
for N applications to reduce the percent alfalfa, except in the 
third harvest of I968 when the alfalfa was the only component. 
A greater percent alfalfa was maintained in I968 than in 
1967, 85.4 and 78.6;^ for I968 and i967, respectively. Within 
each year, there was a progressive increase in percent alfalfa 
component from the first to third harvest. 
The seeding rate x harvest interaction was significant 
(P<C.01), the higher percentages being observed in the third 
harvest of each year and the smaller in the first harvest. In 
1967, percent alfalfa increased from 63.1 to 91.8# for the 
first and third harvests, respectively, while in I968 the in­
crease was from 63.9 to 100.0#. Noted is a greater increase 
in 1968. 
Treatment averages and the analysis of variance stunmary 
for percent weeds in the sward are presented in Tables 33 and 
36, respectively. An increased weed percentage at the 0 kg/ha 
level of alfalfa seeding rate was significantly different 
(P .01) from the higher rates of alfalfa seeding. For i967 
the 0 kg/ha level of alfalfa seeding yielded I9.8# weeds 
compared to the next highest percentage of 3-^ which was ob­
served at the 6 kg/ha seeding rate of alfalfa (Table 3^)• In 
1968, the differences were not as great, 2.5# for the 0 kg/ha 
seeding rate of alfalfa and 0.5# for the 6, 9, and 20 kg/ha 
rate of alfalfa seeding. 
Table 33. Average percent weeds, alfalfa-smooth brome sward under various N treatments^, Ames, 
Iowa - 1967, 1968 
Seeding 
rate of Harvests 
alfalfa N tmt 1967 1968 Avg over 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Avg June 4 July 18 Aug. 19 Avg years 
0 0 1.2 38.1 29.2 22.8 3.0 8.2 0.0 3.7 13.3 
30 1.3 36.7 38.1 25.4 1.5 10.2 0.0 3.9 14.6 
60 1.9 24.0 31.2 19.0 0.4 3.9 0.0 1.4 10.2 
120 2.1 24.2 23.2 16.5 0.3 4.3 0.0 1.5 9.0 
240 3.2 24.5 18.2 15.3 0.4 4.6 0.0 1.7 8.5 
6 0 0.1 10.0 0.6 3.6 0.5 0.8 0.0 0.4 2.0 
30 2.3 7.3 1.5 3.7 0.4 1.1 0.0 0.5 2.1 
60 0.2 6.9 0.6 2.6 0.6 1.0 0.0 0.5 1.6 
120 0.0 9.2 0.8 3.3 0.4 1.3 0.0 0.6 1.9 
240 0.4 11.0 0.6 4.0 0.3 1.5 0.0 0.6 2.3 
9 0 0.0 3.6 1.0 1.5 0.6 0.8 0.0 0.5 1.0 
30 0.7 3.8 0.7 1.7 0.4 1.0 0.0 0.5 1.1 
60 0.3 4.1 0.7 1.7 0.5 1.2 0.0 0.5 1.1 
120 0.4 3.9 1.4 1.9 0.3 1.4 0.0 0.6 1.2 
240 0.2 7.1 1.2 2.8 0.4 1.1 0.0 0.5 1.7 
20 0 0.3 2.4 1.0 1.2 0.5 0.7 0.0 0.4 0.8 
30 0.2 2.4 0.9 1.2 0.6 0.7 0.0 0.4 0.8 
60 0.0 4.6 1.1 1.9 0.5 0.8 0.0 0.4 1.2 
120 0.6 4.4 1.4 2.1 0.5 1.3 0.0 0.6 1.4 
240 0.1 4.9 1.2 2.1 0.6 1.0 0.0 0.5 1.3 
Avg over N levels 0.8 11.7 7.7 6.7 0.6 2.3 0.0 1.0 3.9 
^Averaged over soil temperatures at time of N application. 
Table 34. Average 
Iowa -
percent weeds in 
1967, 1968 
an alfalfa-smooth brome sward^ , Ames, 
Seeding Harvests 
rate of 1967 1968 
alfalfa June 15 Aug. 9 ' Oct, 19 Avg June 4 July 18 Aug. 19 Avg 
0 1.9 29.5 28.0 19. 8a^ 1.1 6,2 0.0 2.5a 
6 0,6. 8.9 0.8 3.4b 0,4 1.1 0.0 0,5a 
9 0.3 4.5 1.0 1.9b 0.4 1.1 0.0 0.5a 
20 0,2 3.7 1.1 1.7b 0.5 0.9 0.0 0, 5a 
Avg 0.8a 11.7a 7.7a 6.7 0. 6a 2.3a 0.0a 1,0 
^Averaged over N rates. 
Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
Table 35 Average 
Iowa -
percent weeds in an 
1967, 1968 
alfalfa-smooth brome sward^, Ames, 
Harvests 
N tmt 1967 1968 
kg/ha June 15 Aug. 9 Oct. 19 Avg June 4 July lb Aug. 19 Avg 
0 0.4 13.5 8.0 7.3 1.2 2.6 0
 0
 
1.3 
30 1.1 12.6 10.3 8.0 0.7 3.3 0.0 1.3 
60 0.6 9.9 8.4 6.3 0.5 1.7 0.0 0.7 
120 o
 
CO
 
10.4 6.7 6.0 0.4 2.1 0.0 0.8 
240 1.0 11.9 5.3 6.1 0.4 2.0 0.0 0.8 
Avg 0.8 11.7 7.7 6.7 0.6 2.3 0.0 1.0 
Harvest avg First 
0.7 
Second 
7.0 
Third 
3.9 
^'Averaged over seeding rates. 
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Table 36, Analysis of variance summary for percent weeds, 
alfalfa-smooth brome sward, Ames, Iowa - 19^71 
1968 
Source of variation DF Mean squares 
Replications (R) 3 72.44 
Seeding rate (A) 3 5687.45** 
Temperature (T) 1 7.19 
A X T 3 9.66 
Level (L) 4 63.38 
A X L 12 98.99** 
T X L 4 16.55 
A X T X L 12 23.11 
Error (a) 117 28.14 
Year ( :y) 1 7883.87** 
Harvest (H) 2 3177.73** 
Y X H 2 1925.98** 
A X Y 3 3638.14** 
T X Y 1 1.81 
A X T X Y 3 0.64 
L X Y 4 19.19 
A X L X Y 12 36,46 
T X L X Y 4 15.89 
A X T X L X y 12 21.90 
A X H 6 1153.03** 
T X H 2 1.66 
A X T X H 6 12.05 
L X H 8 28.84 
A X L X H 24 41.20** 
T X L X H 8 11.96 
A X T X L X H 24 11.49 
A X Y X H 6 932.12** 
T X Y X H 2 2.25 
A X T X Y X H 6 5.82 
L X Y X H 8 30.97 
A X L X Y X H 24 2 8 . 9 8  
T X  L X  Y X  H 8 10.59 
Error ( b )  624 21.00 
^•Indicates F value significance at P <.01. 
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No significant differences were found for N treatments 
(Table 35), as percent weed component varied 2% or less for 
all levels of N application. 
The weed component was greater in I967, especially in 
the second harvest when it accounted for 11.?^ of the forage 
overall (Table 3^)• By the third harvest of 1968, complete 
suppression of the weed component of the alfalfa-smooth brome 
sward was observed at all treatments (Tables 3 3 ,  3 ^ »  and 3 5 ) -
The percent weed component of the sward was particularly low 
during the first harvest of each year, representing 0.8 and 
0 , 6 %  of the sward, respectively, for 1967 and 1968 (Table 3 5 ) .  
The treatment averages and analysis of variance summary 
for yield of smooth brome are shown in Tables 37 and 4o, 
respectively. 
Yields of smooth brome within the mixed sward decreased 
with seeding rates of alfalfa (Table 38). The highest yield 
of 1967. ^ 606 kg/ha, was at the 0 kg/ha seeding rate of al­
falfa and the smaller, i89i kg/ha, at the 20 kg/ha seeding 
rate. The same trend was evident in 1968 when the 0 kg/ha 
seeding rate of alfalfa yielded a total of 7393 kg/ha as 
compared to 2265 kg/ha for the 20 kg/ha seeding rate. 
More smooth brome was produced in i968, 395^ kg/ha as 
compared to 2906 kg/ha in I967. This represents an increase 
of 36^ in yield of smooth brome from the first to the second 
harvest year. 
Yield of smooth brome component in the sward increased 
Table 37» Average dry matter yields (kg/ha) of smooth brome within an alfalfa-
smooth brome sward under various N treatments , Ames, Iowa - I967, 1968 
Seeding 
rate of Harvests 
alfalfa N tmt 1967 1968" 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July IS Aug. 19 Total 
0 0 1758 749 225 2732 2991 678 381 4050 
30 2264 898 178 3340 3989 650 319 4958 
60 2651 1232 195 4078 5602 786 316 6704 
120 3150 2432 240 5822 6632 1841 322 8795 
240 3157 3573 329 7059 8054 4199 204 12457 
6 0 1370 418 108 1896 1817 195 0 2012 
30 1376 625 138 2139 2797 467 0 3264 
60 1987 729 212 2928 2944 611 0 3555 
120 1898 1266 176 3340 3092 654 0 3746 
240 2016 914 224 3154 4027 706 0 4733 
9 0 888 344 66 1298 1330 134 0 1464 
30 1591 664 150 2405 1857 318 0 2175 
60 1474 528 105 2107 2872 346 0 3218 
120 2322 503 147 2972 3258 480 0 3738 
240 2162 1083 151 3396 2440 448 0 2888 
20 0 1090 246 56 1392 1354 116 0 1470 
30 1331 418 124 1873 2123 212 0 2335 
60 1836 489 115 2440 2378 291 0 2669 
120 1359 555 112 2026 1901 226 0 2127 
240 1250 370 103 1723 2505 220 0 2725 
Avg over 
N levels 1846 902 158 2906 3198 679 77 3953 
^Averaged over soil temperatures at time of N application. 
Table 38. Average yield (kg/ha) of smooth brome within an alfalfa-smooth brome 
sward®-, Ames, Iowa - 196?, 1968 
Seeding 
rate of Harvests 
alfalfa 19^7 i960 
kg/ha June 15 Aug. 9 Oct. 19 Total June 4- July lb Aug. 19 Total 
0 2596 1777 233 46o6 5454 1631 308 7393 
6 1729 790 172 2691 2935 527 0 3462 
9 1687 624 124 2435 2351 345 0 2696 
20 1373 4l6 102 1891 2052 213 0 2265 
Avg 1846 902 158 2906 3198 679 77 3954 
^Averaged over N rates. 
Table 39» Average yield (kg/ha) of smooth brome within an alfalfa-smooth brome 
sward^, Ames, Iowa - 196?, I968 
Harvests 
N tmt 1967 196ÏÏ 
kg/ha June 15 Aug. 9 Oct, 19 Total June 4 July 18 Aug. 19 Total 
0 1276 439 114 1829 1873 280 95 2248 
30 1641 651 148 2440 2691 412 80 3183 
60 1987 745 157 2889 3449 509 79 4037 
120 2182 1189 169 3540 3721 801 80 4602 
240 2146 1485 202 3833 4257 1393 51 5701 
Avg l846a^ 902b 158c 2906 3198a 679b 77b 3954 
Harvest avg First 
2522a 
Second 
790b 
Third 
117b 
^Averaged over seeding rates. 
^Values within a group having the same letter are from the same statistical 
population at the .05 levels as determined by Duncan's Multiple Range Test. 
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Table 4o. Analysis of variance summary for dry matter yield 
of the smooth brome, alfalfa-smooth brome sward, 
Ames, Iowa - I967, 1968 
Source of variation DF Mean squares 
Replications (R) 3 2328057 
Seeding rate (A) 3 82680544** 
Temperature (T) 1 1778952 
A X  T 3 105985 
Level (L) 4 24087008** 
A X  L 12 6170456** 
T X  L 4 686983 
A X  T X  L 12 438677 
Error (a) 117 838625 
Year ( :Y) 1 29307376** 
Harvest (H) 2 492598784** 
Y X  H 2 60678160** 
A X  H 3 9270117** 
T X  Y 1 625882 
A X  T X  Y 3 928614* 
L X  Y 4 1562470** 
A X  L X  Y 12 1054479** 
T X  L X  Y 4 53895 
A X  T X  L X  Y 12 171039 
A X  H 6 17404864** 
T X  H 2 10553040** 
A X  T X  H 6 1610107** 
L X  H 8 7561224** 
A X  L X  H 24 2155691** 
T X  L X  H 8 1604389** 
A X  T X  L X  H 24 307065 
A X  Y X  H 6 6231544** 
T X  Y X  H 2 1449171** 
A X  T X  Y X  H 6 488938 
L X  Y X  H 8 1902686** 
A X  L X  Y X  H 24 695676** 
T X  L X  Y X  H 8 123887 
Error (b) 624 308517 
•Indicates F value significance at P <.05. 
**Indicates F value significance at P<.01. 
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with increased N applications (Table 39)» with the greater 
differences occurring in i968. Yields of 2248 and 5701 kg/ha 
of smooth brome were obtained for the 0 and 24o kg/ha N rates 
in 1968, while the I967 yields were i829 and 3833 kg/ha, 
respectively. 
The yield of smooth brome, 395^ kg/ha, in I968 was signif­
icantly different (P< .01) than the 2906 kg/ha yield in I967. 
Yields of smooth brome decreased with harvest. Yields 
were 2522, 790, and 11? kg/ha,'respectively, for the first, 
second, and third harvests (Table 39)• Within each year, the 
yield of the smooth brome component decreased from the first 
to third harvest. 
Tables 4l and 4-2 contain the averages and the analysis of 
variance summary for yields of alfalfa within the mixed sward. 
Alfalfa yields increased with seeding rates of alfalfa for 
each harvest year. The I967 yield of alfalfa component was 
77751 8262, and 8997 kg/ha for the 6, 9, and 20 kg/ha seeding 
rates. Alfalfa yields were greater in i968, averaging 11755, 
124^6, and 13135 kg/ha, respectively, for the 6, 9, and 20 kg/ 
ha seeding rates. 
The Increase in alfalfa yield within the sward over 
years was significant (P<.01). 
The year x harvest interaction was significant (P<^.05), 
the greater yields of alfalfa occurring in the second harvest 
of each year. The third harvest contributed the least 
(Table 41). 
Table kl. Average dry matter yields (kg/ha) of alfalfa within an alfalfa-smooth 
"brome sward under various N treatments , Ames, Iowa - 19^7, I968 
Seeding 
rate of Harvests 
alfalfa N tmt 196? 1968 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total 
6 0 2952 3735 1812 8499 4519 4969 3188 12676 
30 2482 3553 1657 7692 4486 4975 2981 12442 
60 2323  3666 2077 8066 3608 4832 3158 11598 
120 2110 3120 1643 6873 3870 4591 2888 11349 
240 2385 3592 1769 7746 3084 4759 2869 10712 
Avg 2450 3533 1791 7775 3913 4825 3017 11755 
9 0 2849 3970 1623 8442 4572 5317 3262 13151 
30 2657 3771 1620 8o48 4839 5002 3191 13032 
60 2945 3766 1756 8467 4027 4688 3152 11867 
120 2503 4049 1675 8227 3715 4894 3225 11834 
240 2636 3782 1710 8128 4396 4784 3116 12296 
Avg 2718 3868 1677 8262 4310 4937 3189 12436 
20 .. 0 3315 . 4231 1898 9444 4965 5236 3331 13532 
30 3461 4006 1829 9296 4412 5456 3384 13252 
60 2 584 3622 1768 7974 4501 4863 3270 12634 
120 3395 3916 1862 9173 4502 5439 3359 13300 
240 3212 4022 1866 9100 4224 5146 3586 12956 
Avg 3193 3959 1845 8997 4521 5228 3386 13135 
Avg over 
N levels 2787b^ 3787a 1771c 8345 4248a 4997a 3197b 12442 
^Averaged over soil temperatures at time of N application. 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 42. Analysis of variance summary of dry matter yield 
for alfalfa within an alfalfa-smooth brome sward, 
Ames, Iowa - 196?» 1968 
Source of variation DF Mean squares 
Replications (R) 3 18229696** 
Seeding rate (A) 2 11317328** 
Temperature (T) 1 666760 
A X T 2 474727 
Level (L) 4 2344271 
A X L 8 634601 
T X L 4- 41811 
A X T X L 8 234290 
Error (a) 87 1117028 
Year ( :Y) 1 335744256** 
Harvest (H) 2 218828928** 
Y X H 2 1107416* 
A X Y 2 69873 
T X Y 1 469759 
A X T X Y 2 217115 
L X Y it- 512956 
A X L X Y 8 470230 
T X L X Y 4 598898 
A X T X L X Y 8 342484 
A X H 4 1145169* 
T X H 2 2463172** 
A X T X H 4 196186 
L X H 8 841541* 
A X L X H 16 364037 
T X L X H 8 106732 
A X T X L X H 16 247517 
A X Y X H 4 594811 
T X Y X H 2 203966 
A X T X Y X H 4 163041 
L X Y X H 8 149897 
A X L X Y X H 16 352293 
T X L X Y X H 8 280008 
Error (b) 466 346646 
^Indicates F value significance at P <,05. 
**Indicates F value significance at P <.01. 
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Average values and the analysis of variance summary for 
yields of weeds within an alfalfa-smooth brome sward are pre­
sented in Tables ^3 and 46, respectively. Each year, yields 
of weeds decreased with increased seeding rates of alfalfa. 
The 0 kg/ha seeding rate of alfalfa yielded 76.0 and 
13.4 kg/ha, respectively, for 19^7 and I968. The 20 kg/ha 
seeding rate of alfalfa yielded 20.6 and 8.9 kg/ha of weeds for 
1967 and 1968 (Table 44), Noted is a greater yield of weeds in 
1967, 41.9 kg/ha as compared to 10.2 kg/ha in I968 (Table 44). 
Within each harvest year, the second harvest yielded 
more weeds. Over the 2 harvest years, the first, second, and 
third harvests yielded an average of 3.1, 21.5, and 1.4 kg/ha 
of weed component (Table 45). 
The level x year interaction was significant (P<.01), 
the weeds increasing from 32.6 to 63.9 kg/ha for the 0 and 
24o kg/ha N rate, respectively, in 1967 and 10.1 to 13.1 
kg/ha in I968. Noted is a greater weed yield in I967 at all 
levels of N application. 
Percent crude protein 
Average values and the analysis of variance summary for 
percent crude protein for the smooth brome component of an 
alfalfa-smooth brome sward are presented in Tables 47 and 48, 
! 
No significant differences were observed for percent 
crude protein of smooth brome at the various seeding rates of 
alfalfa, soil temperatures, or N levels in the mixed sward. 
Table ^3. Average dry matter yields (kg/ha) of weeds within an alfalfa-smooth 
brome sward under various N treatments^, Ames, Iowa - 196?, 1968 
Seeding 
rate of Harvests 
alfalfa N tmt 1967 1968 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July lb Aug. 19 Total 
0 0 2.3 44.4 6.3 53.0 11.8 5.3 0.0 17.1 
30 2.7 48 .6  6.5 57 .8  4.8 6.7 0.0 11.5 
6o 5.2 41.4 5.9 52.5 2.4 3.4 0 .0 5.8 
120 6.4 74.7 6.4 87.5 2.2 8.0 0.0 10.2 
240 9.0 115.9 4.6 129.5 3.5 19.4 0.0 22 .9  
6 0 0.4 44.1 1.2 45.7 3.2 4.1 0.0 7.3 
30 9 .8  32 .9  2.7 45.4 3.2 6.0 0.0 9 .2  
60 1.2 33.4 1.3 35 .9  4.1 5.5 0.0 9 .6  
120 0.0 43.5 1.5 45.0 3.1 7.1 0.0 10.2 
240 1.9 56.2 1.2 59.3 2 .2  8.7 0.0 10.9 
9 0 0.0 16.2 1.6 17 .8  4.0 4.6 0.0 8.6 
30 2 .9  17.6 1.4 21.9 3.0 5.9 0.0 8 .9  
60 1.3 18.7 1 .2  21.2 3.4 6.2 0.0 9 .6  
120 1.9 17.7 2.4 22.0 2.0 7.7 0.0 9.7 
240 1.2 37 .2  2 .3  40.7 3.0 5.9 0.0 8.9 
20 0 1.1 10.8 2 .0  13.9 3.2 4.0 0.0 7 .2  
30 . 1.0 11.1 1.8 13.9 4.0 4.7 0.0 8.7 
6o 0.0 20.6 2.1 22.7 3.3 4.3 0.0 7.6 
120 2 .8  21.0 2 .8  26.6 3.4 7 .7  0.0 11.1 
240 0 .6 23 .0  2.5 26.1 4.0 5.6 0.0 9 .6  
Avg over 
36 .5  N levels 2 .6  2 .9  41.9 3.7 6.5 0.0 10.2 
^Averaged over soil temperatures at time of N application. 
Table 44, Average yield (kg/ha) of weeds within an alfalfa-smooth brome sward®", 
Ames, Iowa I967, I968 
Seeding 
rate of Harvests 
alfalfa 1967 196b' 
kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July lb Aug. 19 Total 
0 5.1 65.0 5.9 76.0 4.9 8.5 0.0 13.4 
6 2.7 42.0 1.6 46.3 3.2 6.3 0.0 9.5 
9 1.5 21.5 1.8 24.8 3.1 6.1 0.0 9.2 
20 1.1 17.3 2.2 20.6 3.5 5.3 0.0 8.9 
Avg 2.6 36.5 2.9 41.9 3.7 6.5 0.0 10.2 
^Averaged over N rates. 
Table ^5. Average yield (kg/ha) of weeds within an alfalfa-smooth brome sward^, 
Ames, Iowa - 1967, 19^8 
Harvests 
N tmt 1967 196# 
kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total 
0 0.9 28.9 2 .8  32 .6  5.6 4.5 0.0 10.1 
30 4.1 27 .5  3.1 34 .7  3 .8  5.8 0.0 9.6 
6o 1.9 28 .6  2.6 33.1 3 .3  4.8 0.0 8.1 
120 2 .8  39 .2  3.3 45.3 2 .7  7.6 0.0 10.3 
240 3.2 58 .1  2.6 63 .9  3.2 9 .9  0.0 13 .1  
Avg 2.6b^ 36.5a 2 .9b  41.9 3.7a 6.5a 0.0a 10.2 
Harvest avg First 
3.1b 
Second 
21.5a 
Third 
1.4b 
^Averaged over seeding rates. 
^Values within a group having the same letter are from the same statistical 
population at the .05 level as determined by Duncan's Multiple Range Test. 
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Table 46. Analysis of variance summary for dry matter yield 
of weeds within an alfalfa-smooth brome sward, Ames, 
Iowa - 1967, 1968 
Source of variation DP Mean squares 
Replications (R) 3 11.22 
Seeding rate (A) 3 5012.36** 
Temperature (T) 1 24.90 
A X T 3 5.48 
Level (L) 4 1198.48** 
A X L 12 339.20** 
T X L 4 131.25 
A X T X L 12 86.51 
Error (a) 117 119.88 
Year 1 (Y) 1 26807.54** 
Harvest (H) 2 39573.06** 
Y X H 2 22794.73** 
A X Y 3 3629.66** 
T X Y 1 11.27 
A X T X Y 3 63.60 
L X Y 4 732.78** 
A X L X Y 12 211.09* 
T X L X Y 4 40.18 
A X T X L X Y 12 76.62 
A X H 6 2991.61** 
T X H 2 158.84 
A X T X H 6 29.65 
L X II 8 1241.79** 
A X I, X H 24 332.98** 
T X I. X H 8 87.92 
A X T X L X H 24 97.70 
A X Y X H 6 2465.00** 
T X Y X il 2 8.30 
A X T X Y X H 6 61.93 
L X Y X H 8 613.21** 
A X L X Y X H 24 155.80* 
T X L X Y X H 8 67.93 
Error (b) 624 98.81 
^Indicates F value significance at P <.05. 
**Indicates F value significance at P< .01. 
Table 47. Average percent crude protein for smooth brome, within an alfalfa-smooth brome sward, 
Ames,Iowa - 1967, 1968 
Seeding 
rate of Harvests 
alfalfa 
kg/ha 
N tmt 
kg/ha 
1967 1968 Avg over 
years June 15 Aug. 9 Oct. 19 Avg June 4 July 18 Aug. 19 Avg 
0 0 12.2 13.5 16.0 13.9 8.7 13.7 15.8 12.7 13.3 
60 14.8 12.2 14.8 14.0 12.0 12.7 16.5 13.7 13.8 
240 19.1 17.9 17.4 18.1 16.6 15.4 19.3 17.1 17.6 
Avg 15.4 14.5 16.1 15.3 12.4 13.9 17.2 14.5 14.9 
- 6 0 13.4 15.6 19.9 16.3 12.3 21.4 0.0 11.3 13.8 
60 14.2 14.8 18.8 16.0 16.7 19.3 0.0 12.0 14.0 
240 12.6 13.7 15.1 13.8 13.9 16.3 0.0 10.1 11,9 
Avg 13,4 14.7 17.9 15.4 14.3 19.0 0.0 11.1 13.2 
9 0 15.4 17.2 19.1 17.2 11.2 16.0 0.0 9.1 13.2 
60 14.8 17.7 18.7 17.1 17.3 21.7 0.0 13.0 15.0 
240 17.0 18.9 20.0 18.6 17.2 21.4 0.0 12.9 15.8 
Avg 15.7 18.0 19.3 17.7 15.2 19.7 0.0 11.7 14.7 
20 0 12.9 17.4 19.5 16.6 13.9 21.9 0.0 11.9 14.3 
60 15.5 15.0 18.6 16.4 16.2 20.6 0.0 12.2 14.3 
240 16.9 18.3 19.2 18.1 18.1 22.1 0.0 13.4 15.8 
Avg 15.1 16.9 19.1 17.0 16.1 21.6 0.0 12.5 14.8 
Avg over N rates 14.9a* 16.0a 18.1a 16.3 14.5b 18. 6a 4.3c 12.5 14.4 
Harvest avg First Second Third 
14.7a 17.3a 11.2b 
^Values within a group having the same letter are from the same statistical population at the 
.05 level as determined by Duncan's Multiple Range Test. 
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Table 48. Analysis of variance summary for percent crude 
protein of smooth brome within an alfalfa-smooth 
brome sward, Ames, Iowa - 196?, I968 
Source of variation DP Mean squares 
Replications (R) 
Seeding rate (A) 
Temperature (T) 
A X T 
Level (L) 
A X L 
T X L 
A X T X L 
Error (a) 
Year (Y) 
Harvest (H) 
Y X H 
A 
T 
A 
L 
Y 
Y 
T 
Y 
X Y 
A X L X Y 
T X L X Y 
A X T X L X Y 
A X H 
T X H 
A X T X H 
L X H 
A X L X H 
T X L X H 
A X T X L X H 
A X Y X H 
T X Y X H 
A X T X Y X H 
L X Y X H 
A X L X Y X H 
T X L X Y X H 
Error (b) 
1 
3 
1 
3 
2 
6 
2 
6 
23 
1 
2 
2 
3 
1 
3 
2 
6 
2 
6 
6 
2 
6 
4-
12 
4 
12 
6 
2 
6 
4 
12 
4 
132 
7.16 
44.54 
1.42 
56.80 
65.06 
53.15 
37.39 
40.51 
35.42 
1088 
898 
I816 
86 
10 
4 
'l 
1 
3 
210 
4 
10 
38 
4 
10 
3 
283 
0 
3 
5 
5 
3 
5 
.89** 
.07** 
.58** 
.80** 
.50 
.34 
.08 
.72 
.59 
.98 
.94** 
.45 
.23 
.93** 
.50 
.52 
.02  
.38** 
.30 il 
.15 
.91 
.89 
**Indloate8 F value significance at P <.01. 
I 
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Observed was a significant difference (F <.01) In per­
cent crude protein attributable to years. Crude protein per­
cent of the smooth brome component was greater in 1967 than 
in 1968, 16.3 and 12.5^, respectively, (Table 4?). 
An increase in crude protein percent of the smooth brome 
component was obtained from the first to third harvest of 1967. 
Values for the three harvests were 14.9, I6.O, and 18.1^, re­
spectively. The same trend was observed in 1968 for the first 
and second harvest ; however, the percent crude protein was 
reduced in the third harvest. Corresponding averages were 
14.5, IB.6, and 4.3^1 respectively, for the first, second, 
and third harvests of I968. 
Significant differences (P <.01) attributable to harvests 
were found on analysis. Averaged over years, percent crude 
protein of the smooth brome component increased from 14.7 to 
17.3^ from the first to second harvest and decreased to 11.2# 
in the third harvest. 
The seeding rate x year Interaction was significant 
(P <.01). Percent crude protein of the smooth brome component 
increased from the 0 to 20 kg/ha seeding rate of alfalfa in 
1967, with the 9 kg/ha seeding rate analyzing highest, 17-7% 
as compared to 15.3^ for the 0 kg/ha seeding rate of alfalfa. 
In 1968, a reduction in percent crude protein occurred with 
increased seeding rates of alfalfa. However, looking within 
1968, an Increase in percent crude protein of the smooth brome 
component with increased seeding rates of alfalfa for the 
Ill 
June 4 and July 18 harvests is noted. Reductions occurred 
in the August 19 harvest (Table 4?). 
Tables 4$ and 50i respectively, contain the average 
values and. the analysis of variance summary for percent crude 
protein of the alfalfa component in an alfalfa-smooth brome 
sward. Differences attributable to seeding rates of alfalfa, 
soil temperatures, and N applications were not significant. 
The increase in percent crude protein of the alfalfa 
component from the first to the second harvest year (18.0 to 
19.1^) was significant (P<.01). 
Average percent crude protein of the alfalfa component 
varied with harvests. Averaged over the two years, the per­
cent crude protein values were 21.1, 16.5, and 19.8^ for 
the first, second, and third harvests, respectively. However, 
looking within years, the tendency for the highest percent 
crude protein of alfalfa to occur in the first harvests and 
the least to occur in the second harvests (Table 49) occurred 
as with the smooth brome. 
Yield of crude protein 
Average values and analysis of variance summary for 
yields of crude protein for smooth brome in the mixed sward 
are shown in Tables 51 and 52, respectively. 
Differences in crude protein yield from smooth brome 
attributable to seeding rates of alfalfa were significant 
(P<.01). Over the two harvest years, the total crude 
Table 49. Average percent crude protein for alfalfa within an alfalfa-smooth brome sward, 
Ames, Iowa - 1967, 1968 
Seeding 
rate of 
alfalfa 
kg/ha 
N tmt 
kg/ha 
Harvests 
Avg over 
years 
1967 1968 
June 15 Aug. 9 Oct. 19 Avg June 4 July 18 Aug. 19 Avg 
6 0 20.3 17.0 18.9 18.7 22.2 18.1 22.7 21.0 19.9 
60 20.4 16.0 18.8 18.4 22.2 16.1 22.1 20.2 19.3 
240 15.2 12.1 13.6 13.6 18.7 12.7 17.5 16.3 15.0 
Avg 18.6 15.0 17.1 16.9 21.1 15.7 20.8 19.2 18.0 
9 0 19.8 17.4 17.5 18.3 21.6 16.7 23.0 20.4 19.4 
60 19.9 17.3 17.3 18.2 21.7 16.9 23.2 20.6 19.4 
240 21.0 17.5 17.6 18.7 23.5 17.4 22.6 21.2 19.9 
Avg 20.2 17.4 17.5 18.4 22.3 l/.O 23.0 20.8 19.6 
20 0 20.5 16.5 18.6 18.5 22.6 16.6 22.6 20.6 19.6 
60 20.1 18.2 18.3 18.9 22.7 16.7 22.6 20.7 19.8 
240 21.6 17.0 17.2 18.6 24.9 16.9 22.4 21.4 20.0 
Avg 20.7 17.2 18.0 18.7 23.4 16.7 22.5 20.9 19.8 
Avg over N rates 19.9a^ 16.6b 17.5b 18.0 22.3a 16.5b 22.1a 20.3 19.1 
Harvest avg First Second Third 
21.1a 16.5b 19.8a 
^Values within a group having the same letter are from the same statistical population at the 
.05 level as determined by Duncan's Multiple Range Test. 
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Table 50. Analysis of variance summary for percent crude 
protein of alfalfa within an alfalfa-smooth brome 
sward, Ames, Iowa - I967, I968 
Source of variation DF Mean squares 
Replications (R) 1 
Seeding rate (A) 2 
Temperature (T) 1 
A X T 2 
Level (L) 2 
A X L 4 
T X L 2 
A X T X L 4 
Error (a) 17 
Year 1 :Y) 1 
Harvest (H) 2 
Y X H 2 
A X Y 2 
T X Y 1 
A X T X Y 2 
L X Y 2 
A X L X Y 4 
T X L X  Y 2 
A X T X L X Y 4 
A X H 4 
T X H 2 
A X T X H 4 
L X H 4 
A X L X H 8 
T X L X H 4 
A X T X L X H 8 
A X Y X H 4 
T X Y X H 2 
A X T X Y X H 4 
L X Y X  H 4 
A X L X Y X H 8 
T X L X Y X H 4 
Error (b) 98 
98.69 
64.96 
33.29 
68.28 
36.33 
68.83 
47.61 
58.75 
72.87 
281.08** 
395.44** 
96.96** 
0.11 
8.72* 
0.80  
2.19 
0.56 
2.19 
3.25 
2.33 
0.84 
0.32 
5.44* 
1.72 
0.75 
1.09 
3.86 
4.07 
0.17 
0.79 
0.45 
1.69 
1.91 
^Indicates P value significance at P <.05. 
Indicates F value significance at P <.01. 
Table 51. Average yield of crude protein (kg/ha) of smooth brome within an alfalfa-smooth brome 
sward, Ames, Iowa - 1967, 1968 
Seeding 
rate of Harvests 2 year 
alfalfa N. tmt 1967 1968 avg total 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total yield 
0 0 250 106 48 404 293 94 62 449 426 
60 386 139 19 544 611 82 45 738 641 
240 602 609 45 1256 1376 633 38 2047 1652 
Avg 413 285 37 735 760 270 48 1078 906 
6 0 188 91 30 309 268 47 0 315 312 
60 240 97 50 387 504 150 0 654 520 
240 244 727 46 1017 653 156 0 809 913 
Avg 224 305 42 571 475 118 0 593 582 
9 0 151 64 12 227 106 26 0 132 180 
60 169 74 20 263 371 67 0 438 350 
240 373 104 35 512 340 94 0 434 473 
Avg 231 81 22 334 272 62 0 335 334 
20 0 172 54 14 240 232 20 0 252 246 
60 304 81 21 406 281 58 0 339 372 
240 237 90 22 349 539 56 0 595 472 
Avg 238 75 19 332 351 45 0 395 363 
Avg over N rates 276a^ 186ab 30b 493 465a 124b 12b 600 546 
Harvest avg First Second Third 
370a 155ab 21b 
^Values within a group having the same letter are from the same statistical population at the 
.05 level as determined by Duncan's Multiple Range Test. 
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Table 52. Analysis of variance summary for crude protein 
yield of smooth brome within an alfalfa-smooth 
brome sward, Ames, Iowa - 19^7, I968 
Source of variation DP Mean squares 
Replications (R) 1 293953** 
Seeding rate (A) 3 55846?** 
Temperature (T) 1 23490 
A X T • 3 44928 
Level (L) 2 962786** 
A X L 6 173122* 
T X L 2 88386 
A X T X L 6 33697 
Error (a) 23 65071 
Year ( :Y) 1 92056 
Harvest (H) 2 2982593** 
Y X H 2 430018** 
A X Y 3 50977 
T X Y 1 84701 
A X T X Y 3 13299 
L X Y 2 27865 
A X L X Y 6 48749 
T X L X Y 2 19569 
A X T X L X Y 6 9576 
A X H 6 128467** 
T X H 2 13135 
A X T X H 6 25998 
L X H 4 264849** 
A X L X H 12 64097** 
T X L X H 4 27862 
A X T X L X H 12 18459 
A X Y X H 6 53321 
T X Y X H 2 30684 
A X T X Y X H 6 32387 
L X Y X H 4 117827** 
A X L X Y X H 12 43365 
T X L X Y X H 4 15747 
Error (b) 132 25435 
^Indicates F value significance at P<.05. 
**Indicates F value significance at P <.01. 
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protein yield of the smooth brome component were 906, 582, 
33^1 and 363 kg/ha, respectively, for the 0, 6, 9, and 20 
kg/ha seeding rates of alfalfa. 
Crude protein yields of the smooth brome component were 
significantly increased (P<.01) with applications of N, the 
greater increase noted in the absence of alfalfa (0 kg/ha seed­
ing rate of alfalfa). Yields for the 0 kg/ha seeding rate of 
alfalfa were 4o4, 5^^» and 1256 in I967, and 449, 738, and 
2047 in 1968, respectively, for the 0, 60, and 24o kg/ha 
N rates. 
No significant differences were observed due to variation 
from the first to second harvest years. 
Differences attributable to harvests were significant 
(P<C.01), with crude protein yields of smooth brome of 370, 
1551 and 21 kg/ha, respectively, for the first, second, and 
third harvests. Within years, the average crude protein yields 
of smooth brome were 276, 186, and 30 kg/ha in I967 and 465, 
124, and 12 kg/ha in I968, respectively, for the first, second, 
and third harvests. Noted is a greater first harvest yield in 
1968. Also observed in I968 was a greater reduction from the 
first to second harvest. 
Tables 53 and 54-, respectively, contain the average values 
and the analysis of variance summary for crude protein yield of 
alfalfa in the mixed sward. 
Differences attributable to seeding rates of alfalfa, 
soil temperatures, or N applications were not significant. 
Table 53. Average yield of crude protein (kg/ha) alfalfa within an alfalfa-smooth brome sward, 
Ames, Iowa - 1967, 1968 
Seeding 
rate of , Harvests 2 year 
alfalfa N tmt 1967 1968 avg total 
kg/ha kg/ha June 15 Aug. 9 Oct. 19 Total June 4 July 18 Aug. 19 Total yield 
6 0 572 559 317 1448 1064 901 704 2669 2058 
60 508 575 426 1509 815 728 698 2241 1875 
240 309 1253 209 1771 575 569 458 1602 1686 
Avg 463 796 317 1576 818 733 619 2171 1873 
9 0 535 672 293 1500 1071 875 767 2713 2106 
60 622 704 318 1644 999 778 708 2485 2064 
240 610 640 304 1554 1178 883 726 2787 2170 
Avg 589 672 305 1566 1083 845 734 2662 2113 
20 0 644 700 354 1698 1080 852 708 2640 2169 
60 425 663 326 1414 1143 823 711 2677 2046 
240 681 686 334 1701 952 846 778 2576 2138 
Avg 583 683 338 1604 1058 840 733 2631 2118 
Avg over N rates 
Harvest avg 
345 717 320 
First 
766 
1582 986 806 695 2488 2035 
Second 
761 
Third 
508 
t-J 
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Table 5^« Analysis of variance summary for crude protein 
yield of alfalfa within an alfalfa-smooth brome 
sward, Ames, Iowa - I967, I968 
Source of variation DF Mean squares 
Replications (R) 1 236877 
Seeding rate (A) 2 156364 
Temperature (T) 1 162964 
A X T 2 223977 
Level (L) 2 34871 
A X L 4 38011 
T X L 2 230721 
A X T X I. 4 319074 
Error (a) 17 126022 
Year ( :Y) 1 4925923** 
Harvest (H) 2 1573451** 
Y X H 2 630069** 
A X Y 2 148119 
T X Y 1 4 
A X T X Y 2 68644 
L X Y 2 117370 
A X L X Y 4 137893 
T X L X Y 2 47606 
A X T X L X Y 4 58271 
A X H 4 77961 
T X H 2 99983 
A X T X H 4 119105 
L X H 4 65353 
A X L X H 8 85118 
T X L X H 4 77576 
A X T X I. X H 8 72207 
A X Y X H 4 8289 
T X Y X H 2 69092 
A X T X Y X H 4 126156 
L X Y X H 4 39415 
A X L X Y X H 8 77950 
T X L X Y X H 4 74169 
Error (b) 98 78660 
**Indlcate8 F value significance at P <.01. 
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The increased yields of crude protein from alfalfa in 
the second harvest year was significant (P<C.01). The in­
crease was from I582 to 2488 kg/ha of crude protein in I967 
and 1968, respectively. 
When averaged over the harvest years, the reduction in 
crude protein yields of the alfalfa component was significant 
(P<C.01) for harvests. Values of 766, 761, and 508 kg/ha of 
crude protein of the alfalfa component were attributed, re­
spectively, to first, second, and third harvests. Within 
years, however, an increase was observed from first to second 
harvest in I967, whereas, a decrease was observed in I968 for 
the same periods. Values within years were 5^5. 717» and 320 
kg/ha for I967 and 986, 806, and 695 kg/ha for I968, respec­
tively, for the first, second, and third harvests. 
A comparison of total N produced by the alfalfa and 
smooth brome components together versus that applied is shown 
in Figure l4. Mineralized ri in the soil is not considered in 
this comparison. In both years a greater yield of N was har­
vested than applied. N production attributable to symbiotic-N 
fixation was greater for the control than for plots receiving 
N applications. 
120a 
Figure l4. Nitrogen produced minus N applied (mineralized 
N not considered) for Experiment III (N on al­
falfa-smooth brome), Ames, Iowa - I967, I968 
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DISCUSSION 
Responses to N Over All Studies 
In the three experiments conducted, responses to applied 
fertilizer N were variable. Least responsive to applied N 
was alfalfa alone in Experiment I (N on alfalfa), whereas the 
most responsive in terms of dry matter yields, percent crude 
protein, and crude protein yields was birdsfoot trefoil alone 
in Experiment II (N on birdsfoot trefoil). Considerable var­
iation occurred in Experiment III (N on alfalfa-smooth brome) 
as a result of N applications. The degree of response was 
primarily dependent on the seeding rates of alfalfa rather 
than on levels of N applied. 
Dry matter yield 
Nitrogen applications were responsible for increases in 
dry matter yields in two out of the three experiments. Dif­
ferences were not observed in Experiment I (N on alfalfa). 
Though true for our conditions, this may not occur every time. 
Significant differences were observed in the dry matter yield 
in Experiments II (N on birdsfoot trefoil) and. Ill (N on 
alfalfa-smooth brome). 
When two sources of N (urea and ammonium nitrate) were 
applied In Experiment I (N on alfalfa), no significant dif­
ferences could be attributed either to the variable of soil 
temperatures at time of N application (4.4 or 10°C) or to 
levels of N applied. This data is supported by that of Davies 
et al. (I960) who reported no observable increases in dry 
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matter due to K applications. However, Gerwig and Ahlgren 
(1958) reported an initial benefit from 25 lb/A of N, Carter 
and Foth (i960) noted that the effects of applied N on dry 
matter production were decreased with harvests. They observed 
a small, consistent, but a statistically non-significant in­
crease in dry matter yield with N applications up to I60 lb/A 
of N. 
The addition of N in Experiment II (N on birdsfoot tre­
foil) caused a significant response in dry matter yields. 
Low yields for the control (0 kg/ha of N) in I967 indicate 
that birdsfoot trefoil is essentially a non-competitive plant 
in the first harvest year. Nitrogen applications enabled 
birdsfoot trefoil plants to be more competitive in the first 
year. Yields were significantly greater with N applications 
during the first harvest year. Similar results were obtained 
by Aldrich (1958), MacDonald (1946), and Midgley (1950) who 
reported that birdsfoot trefoil is not very competitive in 
the first harvest year. 
The increased production resulting from N applications 
support the theory of N deficiency early in the season. An 
early application of N reduces or prevents this deficiency and 
brings about an increase in dry matter production. In support 
of this theory. Smith (1955) noted that nodulation of the 
birdsfoot trefoil plants was inhibited by low soil tempera­
tures (45 to 50°F) until June in New York. Allison and Ludwig 
(1934) reported that if sufficient N as nitrate was added to 
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stop or retard nodule formation, nodules may occur later in 
the life of the plant after the nitrate concentration had been 
lowered or depleted to a level that was non-toxic to the nodu-
lation process. 
Dry matter yields in Experiment III (N on alfalfa-smooth 
brome) were significantly affected by N applications. Effect 
of soil temperature at time of N application on yield, how­
ever, was not significant. Yields in the second harvest year 
were significantly higher than in the first. Within each 
year, the first harvests were more productive, Indicating that 
adequate moisture as well as N applications are necessary for 
high yields of an alfalfa-smooth brome sward. In studies by 
Lorenz et al. (I961) where alfalfa-smooth brome swards in 
North Dakota were treated with N applications and irrigation, 
they concluded that for very high production of an alfalfa-
smooth brome sward both N and water applications would be 
required. Nitrogen by harvest Interactions ware significant, 
greater yields which reflect the delayed harvest occurred in 
the second harvest of I967, and in the first harvest of I968, 
Botanical composition 
Botanical composition of forage harvested in Experiment I 
(N on alfalfa) was not affected by N applications, whereas in 
Experiments II (N on birdsfoot trefoil) and III (N on alfalfa-
smooth brome) there were significant differences. Weeds were 
more apparent in Experiment III (N on alfalfa-smooth brome) 
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in the absence of the alfalfa (0 kg/ha seeding rate of alfalfa). 
The alfalfa sward was maintained at 100# alfalfa through­
out the 2 years of the experiment. Decreased production from 
the first to the second harvest year could not be attributed 
to an Increase in weed component as is so often observed in 
studies conducted by other workers. Reductions in dry matter 
yield of 8.7^ occurred when comparing within the 2-year period 
at all levels of N application and were probably caused by the 
below normal temperatures and above average moisture condi­
tions in June 1967 as compared to the same period of I966. 
In Experiment II (N on birdsfoot trefoil), significant 
differences in botanical composition that occurred were for 
weeds as the percent birdsfoot trefoil was relatively unaffected 
by N applications up to the high rate of 576 kg/ha of N. Sig­
nificant (P <C.05) increases in the percent weeds occurred. 
There was a significant (P <(.01) interaction for N levels and 
harvest on the percent birdsfoot trefoil. The largest varia­
tion occurred for third harvest, 1968 when the birdsfoot trefoil 
ranged from 42.8 to 58.2^ for the 72 and. 288 kg/ha of N rates, 
respectively. These lower values were noted only in 1968 when 
a July harvest was made. The 0 kg/ha of N maintained birdsfoot 
trefoil at 53»5^* Less variation was observed in the other 
harvests. 
Percent weeds increased from 13.2 to 21,9^, respectively, 
for the 0 and 72 kg/ha N rates. The higher rates of N applica­
tion (288 and 576 kg/ha of N) were associated with I6.7 and 
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19.8^ weeds, respectively, over the 2-year period. 
Dry matter yields of birdsfoot trefoil were significantly 
increased (P<.01) by N applications, total production over 
the 2-year period being 10^97 and 13735 kg/ha, respectively, 
for the 0 and 57^ kg/ha N levels. Nitrogen was not detrimen­
tal to the stand as all plots fertilized with N, regardless 
of level, produced a greater amount of dry matter in the first 
two harvests of I968 than the first two harvests in I967 
(Table l4). 
In Experiment III (N on alfalfa-smooth brome), N applica­
tions significantly increased (P <.01) percent smooth brome in 
each year. The greatest percent was obtained for the 0 kg/ha 
seeding rate of alfalfa. 
The alfalfa component was also significantly affected by 
N applications, with decreased percent alfalfa at increased 
levels of N. Alfalfa increased in the sward with seeding rates 
of alfalfa, averaging 77.9, 82.2, and 85.7^t respectively, for 
the 6, 9, and 20 kg/ha seeding rates. This is a considerably 
higher percent alfalfa component than that obtained in studies 
conducted by Dotzenko and Ahlgren (1950), when they observed 
the alfalfa component in an alfalfa-smooth brome sward to 
comprise less than 50% of the herbage under all treatments. 
The weed component was not significantly Increased by N 
applications. Variation in percent weeds was less than 2 per­
centage points for all levels of N up to 240 kg/ha of N. This 
is consistent with data of Blaser and Brady (1950) and 
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Wagner (195^a)• 
Yields of smooth brome in the mixture were signifi­
cantly Increased (P <.01) by N applications, with the great­
est yields at the 0 kg/ha seeding rate of alfalfa in I968 
(Tables 38 and 39)• 
Yields of alfalfa within the alfalfa-smooth brome mix­
ture were not significantly affected by N applications, but 
did increase with increased seeding rates of alfalfa (Table 
4l). Production of alfalfa in the sward in I968 was signifi­
cantly greater (P <.01) than in I967 for all levels of N 
application. 
Yields of the weed component increased significantly 
(P <.01) with N applications, the greatest increase occurring 
in plots without alfalfa (0 kg/ha seeding rate of alfalfa). 
This is indicative of the greater competition exerted by the 
alfalfa plants in plots sown to alfalfa at all levels of N. 
The yields of weeds were greater in I967 when the smooth 
brome and alfalfa plants were presumably less well-established 
and, therefore, less competitive than in I968. Percent weeds 
was decreased for all levels of N application in I968 as 
compared to I967 (Table 35)• 
Percent crude protein 
Percent crude protein, an important factor in determin­
ing the ultimate feeding value of a forage, did not vary sig­
nificantly in Experiments I (N on alfalfa) or III (n on 
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alfalfa-smooth brome) but did in Experiment II (K on birdsfoot 
trefoil). 
Nitrogen applications in Experiment I (N on alfalfa) did 
not significantly affect percent crude protein. Alfalfa varied 
less than 0.5 percentage points in crude protein in each year 
of the study (Table 4). This tends to support the theory that 
N applied substitutes for, rather than suppresses, the nodula-
tion and N-fixation process. The 20.4^ crude protein observed 
in 1967 was significantly greater (P <.01) than the 19.0^ 
observed in I966. 
The results of this study indicating no change in percent 
crude protein are similar to results of studies with grass-
legume mixtures conducted by Visser and Preller (I965) in 
South Africa. They observed no significant differences in 
the percent crude protein of the mixed sward, although fer­
tilized with N up to 150 lb/A. 
The percent crude protein in Experiment II (N on birds-
foot trefoil) was significantly increased (P <.01) with N 
applications, varying from I9.6 to 23.7^ for the 0 and 57^ 
kg/ha N rates, respectively, over the 2-year period. Similar­
ly, Castro (1969) reported significant increases in the per­
cent crude protein in the birdsfoot trefoil component of an 
established birdsfoot trefoil-orchardgrass sward when fer­
tilized with 56 kg/ha of N/cut or I68 kg/ha/yr. 
The data from the present study plus that of Castro 
(1969) support the theory of inadequate nodulation and 
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N fixation of birdsfoot trefoil plants in the early spring. 
Smith (1955) reported that nodulation of the birdsfoot 
trefoil plants would take place somwhere between 4$ and 50°F. 
Therefore, as reported by Smith (1955)1 It is possible for 
nodulation to be inhibited by low soil temperatures in New 
York until June. This inadequate nodulation at low soil 
temperatures could, lead, to a N deficiency within the plant, 
although other factors are favorable for growth. This N 
deficiency within the plant would, be revealed by reduced 
dry matter yields and reduced percent crude protein. Appli­
cations of K in the early spring would correct this deficiency, 
promoting growth and increasing the percent crude protein. 
In the mixed, sward, Experiment III (N on alfalfa-smooth 
brome), percent crude protein of the smooth brome was not 
significantly changed by N applications. This is consistent 
with data of Simpson (19^5) where he reports a secretion or 
excretion mechanism of N transfer by the alfalfa plants to 
the grass component. In these studies he did not observe the 
usual senescence of nodules or decay of the root system after 
defoliation as commonly observed with other legumes. He re­
ported, that the alfalfa plants gave a consistent, gradual 
release of N products to the associated grass and thereby 
were able to assist the grass in the early growth during the 
first year. 
Percent crude protein of the alfalfa component in the 
mixed sward. Experiment III (N on alfalfa-smooth brome), 
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was not significantly affected by N applications. This 
indicates that nodulation and K fixation were sufficient in 
early spring to prevent a N deficiency from occurring in the 
alfalfa plants. This may be reversed, however, under ad­
verse conditions for proper nodulation and growth as in acid 
soils, under low soil temperatures, or in the absence of the 
proper Rhlzobium spp. 
Yield of crude protein 
Variation in the yield, of crude protein in Experiment I 
(N on alfalfa) resulting from N applications was not signifi­
cant. Again, this is evidence that a N application substitutes 
for, rather than suppresses, the nodulation and N-fixation 
process. All levels of N applied resulted in similar yields 
of crude protein from the forage. 
Nitrogen applications on a blrdsfoot trefoil sward. 
Experiment II (N on blrdsfoot trefoil), significantly increased 
(P <.01) the yields of crude protein. Yields of 2071 and 32^2 
kg/ha were produced at the 0 and 576 kg/ha N rates, respec­
tively. The greater yields in the second harvest year (Table 
21) indicate that more efficient nodulation, if not increased 
nodulation, occurred in I968. Increases were noted for all 
levels of N application, 0 to 57^ kg/ha of N. 
Yield of crude protein by the smooth brome component. 
Experiment III (N on alfalfa-smooth brome), in the mixed 
sward was significantly increased (P<.01) by N applications 
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in 1967 and 1968. As with the "birdsfoot trefoil study, 
Experiment II (N on birdsfoot trefoil), yields were greater 
in 1968 than in 196?. This greater total crude protein pro­
duction in 1968 Indicates a greater total production of N by 
the symbiotic N-fixation process as compared to I967. This 
greater yield of crude protein for the smooth brome component 
was evident in I968 although the smooth brome was completely 
suppressed in the third harvest for plots seeded to alfalfa. 
No significant effects of N applications, on yield of 
crude protein by the alfalfa component, Experiment III (N on 
alfalfa-smooth brome), was observed for N applications. This 
is again in direct support of a more effective nodulation and 
N-fixation process for the alfalfa plant. 
General implications 
A comparison of the N produced above that applied was made 
for each of the three experiments. Figures 3. 12, and l4, re­
spectively, contain the "balance sheets" of N (produced-applied) 
for Experiments I (N on alfalfa), II (N on birdsfoot trefoil), 
and III (N on alfalfa-smooth brome). Mineralized N in the soil 
was not considered in making the comparisons. It is interest­
ing to note that a greater production of N above that applied 
was obtained at the 0 kg/ha N rate for all three experiments. 
The reduction of N produced with N applications (Figure 
3) on Experiment I (N on alfalfa), supports the theory whereby 
the N applied substitutes for, rather than suppresses, the 
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nodulation and N-fixation process. At all levels of N 
application, a greater amount of N produced than that applied 
was observed, giving positive evidence of nodulation and N 
fixation at rates of up to l44 kg/ha of N. From these data, 
it is apparent that N fixation does occur, the additions of N 
being used first by the plant to satisfy its needs. 
McAuliffe et al. (1958) working with reported that the 
total N yield of Ladino clover-tall fescue plants was not 
decreased with N applications, which indicated a substitution 
rather than an inhibition of the N-fixation process. 
The relatively small yields of N at all levels of N appli­
cation (Figure 12) for Experiment II (N on birdsfoot trefoil) 
indicate a lack of adequate nodulation and N fixation by the 
birdsfoot trefoil plants, even though inoculated with com­
mercially prepared inoculums. In order to maintain high levels 
of dry matter and crude protein production with birdsfoot 
trefoil, it may be necessary to make applications of N to 
birdsfoot trefoil in the first harvest year. The greater pro­
duction of N above that applied in I968 (Figure 12) in Experi­
ment II (N on birdsfoot trefoil) indicates that more effective, 
if not increased, nodulation and N fixation occurred in the 
second harvest year. The observation of negative values for 
N produced as compared to that applied at the rates above 
144 kg/ha of N for both years of the study indicates that the 
birdsfoot trefoil plants were not capable of making effective 
and efficient use of high rates of N, 
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The N produced above that applied, to the alfalfa-
smooth brome sward, Experiment III (N on alfalfa-smooth 
brome) as shown in Figure l4, reveals slightly less production 
at the 60 kg/ha N rate than for the 0 kg/ha N rate. As men­
tioned earlier, this is believed to be a substitution mech­
anism, the N being used, by the alfalfa and smooth brome 
plants alike during the early part of the growing season. 
Upon depletion of the N applied, "with increased nodulation, 
or a combination of both, the alfalfa benefits the smooth 
brome plants with N products from the N-fixation process as 
the season progresses. Ahlgren et al. (19^5)1 working with al­
falfa in New Jersey, recommends small amounts of N to stim­
ulate early growth. 
The use of N on legume or legume-grass swards remains an 
important and interesting question. Shown in this study was 
a difference in the legume species in response to applied n. 
The study reported herein did not consider the effects of 
N applied to legume or legume-grass mixtures at other than one 
spring application. It is possible that minimal applications 
of N could benefit each harvest in turn more than the one 
large application in the spring. 
Of significance in the three experiments conducted is the 
fact that N applications to either alfalfa. Experiments I (N 
on alfalfa) and III (N on alfalfa-smooth brome), or birdsfoot 
trefoil (Experiment II (n on birdsfoot trefoil), in no case 
reduced vigor of the legumes. Plant vigor is an important 
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factor In maximizing production of dry matter. In the case 
of birdsfoot trefoil, yields were increased with N applica­
tions although fertilized with 57^ kg/ha of N. In the case 
of alfalfa grown with a grass, Experiment III (N on alfalfa-
smooth brome), yields of dry matter were also increased. 
Greater yields of dry matter in the second production year 
suggest beneficial, rather than detrimental, effects of N 
applications in the prior year. 
Remaining unanswered are the questions of what small, 
multiple applications throughout the growing season will do, 
what other forage legumes will do, what differences the 
associated grass, if any, has on the legume response, what 
higher yielding alfalfa will do, and so forth. Likewise, more 
information is needed concerning the growth, fertilization, 
and management of the various legumes, especially birdsfoot 
trefoil, with more emphasis placed on the first years of 
growth. These few examples of pertinent questions await addi­
tional research as the cost of commercial N continues to 
moderate in the market-place within the United States, 
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SUMMARY 
Three experiments were conducted at the Iowa State 
University Agronomy-Agricultural Engineering Research Center, 
Boone County, Iowa during I966, 1967, and I968. The purposes 
of the experiments were to determine the effects of N applica­
tions on stands of pure legume. Experiments I (N on alfalfa) 
and II (N on birdsfoot trefoil), and legume-grass swards. 
Experiment III (N on alfalfa-smooth brome). In two of the 
experiments, nitrogen applications were made at two soil 
temperatures (4.4 or 10°C) in early spring. For each experi­
ment, dry matter yield, botanical composition, percent crude 
protein, and crude protein yield were determined. 
Dry matter yields were significantly increased (P <.01) 
by N applications in Experiments II (N on birdsfoot trefoil) 
and III (N on alfalfa-smooth brome), whereas in Experiment I 
(M on alfalfa) there was no significant effect from M applica­
tions. In Experiment II (N on birdsfoot trefoil), where 
greatest responses were observed, yield increases occurred to 
the highest rate of N applied (576 kg/ha of N). Comparing 
over the 2 years of each study, Experiment III (N on alfalfa-
smooth brome) had the highest dry matter yield and Experiment 
II (N on birdsfoot trefoil) the least. The average yearly dry 
matter yields for each of the experiments were 106l4, 7250, 
and 11492 kg/ha, respectively, for Experiments I (N on alfalfa), 
II (N on birdsfoot trefoil), and III (N on alfalfa-smooth 
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brome). 
Nitrogen applications had variable effects upon botanical 
composition. In Experiment I (N on alfalfa), the botanical 
composition of the sward was not changed by N applications in 
either year of the study. The stand was maintained at 100# 
alfalfa. In Experiment II (N on birdsfoot trefoil), percent 
birdsfoot trefoil was not significantly affected by N applica­
tions; however, percent weeds was Increased significantly. In 
Experiment III (N on alfalfa-smooth brome) significant effects 
from N applications were shown. The smooth brome component 
increased while alfalfa decreased. Although significant de­
creases in percent alfalfa were observed with increasing N 
applications, 19.2% of the mixed sward was alfalfa at the 
highest rate of N application, 24-0 kg/ha of N. 
Differences were found in the yields of the legume compo­
nent in the three experiments. The birdsfoot trefoil in Experi­
ment II (N on birdsfoot trefoil) was significantly increased 
(P <C .01) with M applications, the highest yield being obtained 
at the 576 kg/ha N rate. In Experiment III (N on alfalfa-
smooth brome), alfalfa in the mixed sward decreased slightly 
(non-significant) in yield with applications of N. Smooth 
brome was significantly increased (P<.01) in yield from JM appli­
cations. The highest yield of smooth brome was observed in the 
absence of alfalfa (0 kg/ha seeding rate of alfalfa). 
Nitrogen applications significantly Increased percent 
crude protein of the forage only in Experiment II (N on 
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birdsfoot trefoil). The possibility of N deficiency occurring 
in the birdsfoot trefoil plants as a result of inadequate or 
ineffective nodulation and N fixation remains. Applications of 
N were responsible for the elimination or suppression of the 
deficiency and brought about increases in percent crude 
protein as well as increases in total dry matter. 
When yields of crude protein were calculated and compared, 
N applications caused significant increases in Experiment II 
(N on birdsfoot trefoil) and for the smooth brome component of 
Experiment III (N on alfalfa-smooth brome). No significant dif­
ferences in yield of crude protein of the alfalfa components of 
Experiments I (N on alfalfa) and III (N on alfalfa-smooth brome) 
occurred. It was postulated that adequate nodulation and N 
fixation were occurring in the alfalfa plants so that N de­
ficiencies did not occur. Additions of N only substituted 
for the W being fixed through symbiosis. Therefore, N addi­
tions did not bring about Increases in percent crude protein, 
yield of crude protein, nor dry matter yields. For high 
production of the mixed sward, Experiment III (N on alfalfa-
smooth brome), additions of N were necessary as evidenced by 
the lower yields of the mixture at 0 kg/ha of Iv. 
Nodulation was studied where the greatest N response 
occurred. Birdsfoot trefoil roots were removed, washed and 
examined on July 30 and August 2, I968 in Experiment II (N 
on birdsfoot trefoil). Nodulation occurred at all levels of 
N application (0 to 576 kg/ha of N). 
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Calculations of N removed versus applied were made al­
though mineralized N in the soil was not considered in the 
calculations. In Experiment II (N on birdsfoot trefoil) more 
N was removed in the forage than was applied up to the l44 
kg/ha N rate. Above this rate (288 and 576 kg/ha of N), 
values became negative for N (produced - applied), indicating 
the birdsfoot trefoil plants were not capable of fully utiliz­
ing the higher rates of N under the prevailing conditions. 
Modulation and N fixation occurred in both Experiments I (N 
on alfalfa) and III (N on alfalfa-smooth brome) as the produc­
tion of N in the forage was greater than that applied, even at 
the highest rates of l44 kg/ha of N in Experiment I (N on al­
falfa) and 240 kg/ha of N in Experiment III (N on alfalfa-
smooth brome). 
The three experiments revealed that a high percent of 
legume can be maintained although high rates of N are made on 
an annual basis. In the three experiments, the swards were 
managed to favor the legume component, with harvests being 
made when most favorable to the regrowth and maintenance of 
the legume. 
Responses obtained in Experiment II (N on birdsfoot tre­
foil) revealed a need for more detailed studies into the 
growth, fertilization, and management of the birdsfoot trefoil 
plant, with special emphasis on the first harvest year of 
growth. 
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